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HELM. 


HUNTER. 


Hblm.  EDwqi  Gut. —Elected  an  Abso- 
oiate  Member,  248. 

Hxndbick.  Calyin  Whxblib. — 
Elected  a  Member.  232. 

Hbbiho,  Budolpb.— Discussion  by,  1, 
83,  160,  199,  215;  Address  by,  3; 
Elected  Vice-President,  64;  Pre- 
sides at  Meeting.  66,  81,  83,  95, 
141,  160.  199,  215,  231,  232,  249; 
On  Committee  on  Pablioations, 
67;  Offers  Besolntion,  162. 191 ;  On 
Committee  of  Arrangements  for 
Annual  Convention,  144. 

Hxbbick,  John  Juices.— Elected  an 
Associate  Member,  158. 

HiLOABD,  K.  E.— Discussion  by,  160. 

HiiiL.  GsoBas.— Discussion  by,  1, 
65. 

Hnx,  Thkodobx  William. — ^Eleoted 
An  Associate  Member,  82. 

HiMBB,  A.  J.— Discussion  by,  93. 

Hinds,  Fbank  A.— Correspondence 
by.  232. 

^'History  of  tbe  Pennsylvania  Avenue 
Subway,  Philadelphia,  and  Sewer 
Construction  Connected  There- 
with," read  and  discussed,  83. 

Hook.  Crables  Addison.«— Elected  a 
Member,  2. 

HoBTON,  Thbodobb.— Elected  an  As- 
sociate Member,  94. 

HoBTON,  Thobcas  Obbobn. — designa- 
tion accepted,  5. 

HosKiNS,  Lbandbb  M.— Paper  by,  81. 

Houston,  Gavin  Nelson.— Elected  an 
Associate  Member,  232. 

HovET,  Otis  Ellis.— Elected  a  Mem- 
ber. 2. 

Howe,  Chablbs  Edwabd. — Elected  a 
Junior,  82. 

^owE,  H.  H.— Discussion  by,  143. 

Howe,  H.  J.— Discussion  by,  217. 

Howell,  David  Jannet.— Elected  a 
Member,  199. 

HuBBELL.  Clabence  WnxiAM.— Elect- 
ed an  Associate  Member,  94. 

Hudson,  Clabence  Walteb.— Elected 
a  Member,  65. 

HuMPHBEYB,  CuFiON  Stewabt.— El- 
ected an  Associate  Member,  142. 

HuNSiXEB,  MiLLABD. — Ou  Committee 
of  Arrangements  for  Annual  Con- 
vention, 144. 

Hunt,  Chables  Wabben.— On  Com- 
mittee on  Library.  67;  Elected 
Secretary,  67;  On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 144. 

Hunt,  B.  W.— Discusbion  by,  159, 
160. 


HuNTEB,  Waltkb. — ^Discusslon  by, 
160, 

Huntington,  Collib  P.— Death  an- 
nounced, 200. 

Huston,  Tillinohabt  L'Hommxdibu. 
—Elected  an  Associate  Member, 
142. 

HuTOHiNB,  Jebe  Chakbbblain.— Elect- 
ed a  Member,  94. 

*' Improvement  of  a  Portion  of  the 
Jordan  Level  of  the  Erie  Canal." 
read  and  discussed,  65. 

Informal  Discussions,  143. 

International  Congress  of  Navigation. 
—Announcement  in  reference  to, 
97. 

"Irrigation  Studies,**  read  and  dis- 
cussed, 199. 

Ibwin,  James  Clabk.— Elected  a  Mem. 
ber,  158. 

Ives,  Abthub  Stanley.- Elected  an 
Associate  Member,  2. 

Jannet,  Thomas  Gobdon.-  Elected  an 
Associate  Member,  217. 

Johnson,  Alexandeb.— Elected  an 
Associate  Member,  199. 

Johnson,  Rankin,— Elected  an  Associ- 
ate Member,  65. 

Johnson,  Thomas  H.— Elected  a  Di- 
rector,  55. 

Johnston,  Andbew.— Discussion  by, 
160. 

JoNsoN,  Ebnbt  Fbedbick.— Elected  an 
Associate  Member,  2;  Correspond- 
ence by,  141. 

Juniors. — Keport  of  Committee  on 
Status  of,  218. 

Kahn,  Juuus.— Awarded  the  Colling- 
wood  Prize,  27;  Elected  an  Asso- 
ciate Member,  217. 

Kellbb,  Chables  —  Elected  a  Mem- 
ber, 82. 

Keubxt,  CLirroBD  Stephen.— Elected 
a  Member,  142. 

Kemna,  Dr.  Ad.— Discussion  by,  160. 

Kennedy,  Jambs  Henbt.— Elected  a 
Member,  142. 

Kennedy,  John.— On  Committee  on 
Library,  67. 

Kent,  J.  D.— Discussion  by,  200. 

Kenyon,  Geoboe  Cecil.— Elected  an 
Associate  Member,  94. 

Kino,  Wallace,  Jr.— Elected  an  As- 
sociate, 248. 

KiBBY,  0.  J.— Discussion  by,  159. 

Knap,  Edoab  Day.— Elected  an  Aaso- 
ciate  Member,  248. 
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KNAP. 


MoCAUSTLiLND. 


^^>  JapPH  M. -Elected  Treasurer, 

55;  Nominated  as  Treasurer,  219. 
Knzckkbbackbb.     John.— Elected     a 

Member,  2. 
KoBNio,   Abnold   GH4BLBS Elected 

an  Associate  Member,  232. 
KoNoo,  8SMTABO.— Elected  a  Member, 

232. 
KuicHLiNo,  Ebol.— Discussion  by,  81, 
'        95;  Nominated  as  Director,  219. 
KuMMBB,  F.  A — Paper  by,  157;  Dis- 

CQssion  by,  157. 

La  Ghiootts,  H.  A — Discussion  bT. 

248.  ' 

liAMB.  Richard.— Elected  a  Member, 

158. 
liAMBBBT,  Wauaob  Ck>suBB.— Elected 

an  Associate  Member,  94. 
Landbsth,    WnjJAM  B.— Paper  by, 

65,  93;  Discussion  by,  65. 
Lanoton,  John.— Elected  a  Member, 

Latta,      Habbison     Wainwbioht.— 
Elected  an    Associate    Member, 
199. 
Ln,    Edwabd    HKBVBr.— Elected    a 

Member,  158. 
LsBPiBB,  John   Biogbb.— Elected   an 

Associate  Member,  2. 
Lbland,  Wabren  Allbton.— Elected  a 

Member,  216. 
hvoTzk,  T.  McC— Appointed  Teller  to 

Canvass  Ballot  for  Officers,  2,  25. 
Lkwbbenz,  Alpbed  Ooubtnkt.— Elect- 
ed an  Associate  Member,  158. 
Lewis,   Nelson  P.— On  Nominatinff 

Committee,  161,  187;  Presides  at 

Meeting,  200. 
Library,   Donations  to  the,  207,  226, 

242;  Annoancements  relating  to 

the,  S,  201,  219,  257. 
Library  Committee.— Members  of,  67. 
Libbmann,Aipbbd.— Elected  a  Junior, 

LiNDENTHAL,  DoMiNiK.— Death  an- 
nounced, 199. 

LiNDLET.  W.  H.— Discussion  by,  160. 

Lion,  L6on  Elib.— Elected  an  Associ- 
ate Member,  94. 

Low,  EifiLE.— Correspondence  by, 
93. 

Low,  W.  A.— Discussion  by,  200. 

LowmsoN,  OscAB.— Elected  an  Associ- 

ate  Member,  65;    Discussion  by, 

83. 
Lucas,  Eugene  Wtllbtt  Van  Coubt. 

—Elected  a  Member,  199. 
Lusteb,  William  Henbt,  Jr Elected 

an  Associate  Member,  217. 


MoCaustlani),  Elkbb  Jakes.— Elect- 
ed an  Associate  Member,  199. 
MoCoxB,  Ohablbb  Osoab.— Elected  a 

Member,  142. 
McCbba,  Jakes  Alexander.- Elected 

an  Associate  Member,  232. 
Macdonald,      Charles. — Diaoussion 

by.  83. 
McDonald,  John  A.— On  Committee 
of    Arrangements    for    Annual 
Convention,  144. 
McGbe,    Van   Nobkan.— Elected   an 

Associate  Member,  158. 
MoGbboor,  B.  a.— Discussion  by,  93. 
McKeeveb,      William.— Elected      a 

Junior,  2. 
MacLeod,  John.— Death  announced, 

66. 
MoMiNN,  T.  J.— Acts  as  Secretary,  96, 

199,  232. 
MoBeynolds,  Obtal  Okab.    Elected 

an  Associate  Member,  248. 
Maoob,    Hknby   Basil.— Elected   an 
Associate   Member,   82;    Discus- 
sion by,  93. 
Maignen.  p.  a.— Discussion  by,  1. 
Manley.  Henbt. —On  Finance  Com- 
mitted, 67;  On  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion, 144. 
Mabbubg,    Edgab. — On    Nominating 

Committee,  161,  187. 
Mabx,  Cbablbs  D.     Paper  by,  81. 
Mason,  Fbanos.— Elected  a  Junior,  94. 
Mason,  Williak  P. -Discussion  by, 
1.  ^ 

Matthes,  Gbbabd    Hendbik— Elect- 
ed an  Associate  Member,  158. 
Mayer,   Bbantz. — Elected  a  JuUior, 

234. 
Maybb,  Joseph.— Paper  by,  231;  Dis- 
cussion by,  249;  On  Committee  to 
Becommend  the  Award  of  Prizes, 
233. 
Maxim,  Hibam  S.— On  Committee  of 
Arrangements  for   Annual   Con- 
Ten  tion,  144. 
Mead,  Elwood.— Paper  by,  199. 
Mbltille,     Gbobge     Wallace. — El- 
ected an  Honorary  Member,  5. 
Membership — Additions,  23,  79,  90, 
137,  152,  175,  211.  227,  243  258; 
Changes  of  Address,  91,  138,  154, 
178,  212, 229,  244,  259;  Deaths,  24, 
80,  92,  140,  156,  182,  214,  246.  260; 
Besignations,  24,  230,  246,  260. 
Mebbtman,     Manspield.— Discussion 

by,  143,  199. 
MiLLEB,  A.  M.— Discussion  by,  1. 
MiLus,  John — ^Elected  a  Member,  82. 
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MINOB. 

HxMOB,  Bdwabo  EiBncAX.— -Elected  a 

Junior,  U3. 
Minnies  of  Annual  Meeting,   3,  25» 

68. 
Minutes  of  Meetinf<s  of  the  Board  of 

IHreotion,  6,  67,  83,  95, 143,  163, 

200,  218,  233,  249. 
Minutes  of  Meetings  of  the  Sooiety.  1, 

2,  25,  58, 65,  66,  81,  82,  93,  94,  96, 

141,  142.  143.  157.  183,  199,  200, 

215,  217,  231,  232,  247,  249. 
MoTTBT,    Jambs   David.— Death   an- 
nounced, 66. 
MousmT,   Lbok  Solomon.— Elected 

an  Associate  Member,  199. 
MoLBE,  William  Gbiffitb. — Elected 

an  Associate  Member,  2. 
MoLTTOB,  David  A.— Paper  by,  216. 
MoNOBiBTV,  J.  M.— Paper  by,  141. 
MoMouBB,  William. — ^Elected  a  Mem< 

ber,  142. 
MoNBo,       Thomas. — Correspondence 

by,  232. 
Monthly  List  of  Recent  Engineering 

Articles  of  Interest,   17,  72,  85, 

131, 147,  167,  202,  220,  236,  252. 
Moxn^MT,  L.  G.— Paper  by,  200. 
MooBB,  BoBBBT.— On  Committee  on 

Library,  67. 
MooBB,  Waltbe  Hothobon.— Elected 

an  Associdie  Member,  82. 
MoBSB,  Edwik  Kibtlamb.— Elected  a 

Member,  158. 
MosBS,    Pbbgival   Bobbbt.— Elected 

an  Associate  Member,  217. 
Moss,  Bobbbt  Edwabd. — Elected  an 

Associate  Member,  142. 
MuBPHT.  Edwabd  Chaeklbs.— Elected 

an  Associate  Member,  199. 
Mtbbs,  J.  H.,  Jr — Appointed  Teller 

to  Canvass  Ballots  on  Proposed 

Amendment     to     Constitution, 

215. 
Mtbbs- Bbswiok,     William     B.— On 

Committee  of  Arrangements  for 

Annual  Convention,  144. 

Nblson,   William.— Elected   an    As- 
sociate Member.  158. 
New  Books  of  the  Month,  22,  78,  135, 

151.  174,  206,  225.  242. 
Newbll,  Fbbdebiok  Hatnbs. — ^Elected 

a  Member.  248. 
''Niagara   Bailway   Arch,"  awarded 

the  Tbomas  Fitch  Rowland  Prize, 

27. 
NicBOLs,    Chablbs   Hbnbt. — ^Elected 

an  ARSociate  Member,  142. 
Nichols,  O.  F. — ^Discussion  by,  157, 

248. 


NINETT.  SIXTH. 

<'  Ninety-sixth  Street  Power  Station  of 
the  Metropolitan  Street  Bailway 
Company,  of  New  York  City," 
read  and  discussed,  200. 

NoBiiB,  Alfbbd.— Elected  Vice-Presi- 
dent, 64;  On  Committee  on  Pub- 
lications, 67. 

Nominations,  ('ommittee  on.— Beport 
of  the  Bosrd  of  Direction  in  Mat- 
ters Belating  to  the,  3,  28;  Elec- 
tion of.  161,  186;  Presents  List 
of  Nominees,  219. 

Nominations,  Committee  on. — Map 
showing  Territory  divided  into 
Geographical  Districts  for  the 
purposes  of.  146. 

NoBMAB,  Gbobgb  H.- Death  an- 
nounced, 66. 

Norman  Medal.— Award  of,  27. 

NoBTH,  Edwabd  P.— Presides  at  meet- 
ing, 1;  Discussion  by,  65,  95,  217, 


Oaklet.  Fbanx  Thompson. —Elected 
a  Member,  158. 

Ogkbubon,  J.  A.— Correspondence  by, 
3,  29;  0£fers  Besolution,  162,  189, 
191. 

O'DoNNBLL,  John  P.— On  Committee 
of  Arrangements  for  Annual  Con- 
vention, 144. 

O'Hanlbt,  J.  L.  PowBB.— Correspon- 
dence by,  96. 

Olmstbad,  iSbank  Hbnbt.— Elected  a 
Member,  66. 

Olnet,  Bobbbt  Blum.— Elected  an 
Associate  Member,  199. 

••  On  the  Flow  of  Water  Over  Dams,'* 
read  and  discussed,  95. 

O'BouBKE,  J.  F.— Discussion  by,  1; 
Elected  a  Director,  66;  On  Com- 
mittee on  Publications,  67. 

OsBOBN,  Fbanx  C— Nominated  as 
Director,  219. 

OwBN,  Jambs.  — Discussion  by,  66. 

Pabkbb,  a.  McC.— Inspection  of  Belt 
Conveyor  by  Invitation  of,  4.  44. 

Pabkbb,  Asa  Wabbbn.— Elected  a 
Junior,  200. 

Pabkbb,  Chablbs  Fbbdxbio. — Elect- 
ed a  Junior,  158. 

Pabkbb.  Chablbs  Jbbbmiah.— Elected 
a  Member,  66. 

Pabkbb,  William.— Elected  a  Mem- 
ber, 82. 

Pabsons,  H.  Db  B.— Discussion  by, 
169. 

Pabsons,  William  Babolat.— Lecture 
by,  68. 
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PATTEESON. 


BEED. 


Pattjebson,  John  AuBTOf.— Eleoted  a 

Member,  142. 
PBBBiNa,  Hbnbt  Gabvisld.— Elected 

a  Janior,  248. 
Pbbbt,  Obobob  FBAKKLDf.— Eleeted  a 

Junior,  94 
Phabb,   Hbnbt  Nn^ON. — ^Elected  an 

Afisooiate  Member,  217. 
Phtt.TiTpb,    Fbbdebice   Czjnton. — El- 
ected an  Associate  Member,  94. 
PiPBB,  AiiEXAMDBB  BoBS. — Elected  an 

'    Associate,  158. 
Pope,  Maoy  Stanton.— Elected  an  As- 

sociate  Member,  142. 
*<  Practical  Column  under  Central  and 

Eccentric  Loads,''  read  and  dis- 

onssed,  141. 
**  Preservation  of  Bail  way   Ties   in 

Europe,"    read   and    discussed, 

217. 
Pbiohabd,  H.  S.— Discussion  by,  141. 
Pbinob,  Abthub  Digkson. —  Elected 

an  Associate  Member,  217. 
Pbitchabd.  PHn.TP  MoBBis. — ^Elected 

an  As<fociate  Member,  158. 
'*  Proposed  Method  for  the  Presezra- 

tion  of  Timber,*'  read  and  dis- 

cassed,  157. 
Pbout,  H.  G.— Discussion  by,  157. 
Pbuett,  WiiiUAM  EusHA.— Elected  a 

Junior,  248. 
Publications    Committee. — Members 

of,  67. 
PuBDY,  C.  T.— Discussion  by,  141, 159. 

QiTiNLAN,  Gboboe  A. —Elected  a  Direc- 
tor. 55. 

Quinton,  John  Hbnbt.— Elected  a 
Member,  65. 

Baftbb,  Gbobob  W.— Correspondence 
by.  65,  66;  Paper  by,  95;  Discus- 
sion  by.  95. 

Bamset.  Edmund  Patton.— Elected  a 
Junior,  66. 

Bamset,  Joseph,  Jr.— Elected  a  Di- 
rector, 56. 

Baitdolph,  Isham— Correspondence 
by,  232. 

Bead,  B.  J.  Giffobd.— Discussion  by, 
159. 

**  Becent  Practice  in  Bails,"  discussed, 
160. 

"  Becent  Stadia  Topot^raphic Surveys: 
Notes  Belating  to  Methods  and 
Cost,"  read  and  discussed,  93. 

Beoeption  of  American  Engineers. 
159,  193. 

Bbed,  Hbnbt  Wadswobth.— Death 
announced,  248. 


Bbed,  W.  Boabdman.— Discussion  by, 
217. 

BsisEaEB,  Mabc  John.— Death  an- 
nounced, 158. 

Beport  of  Committee  on  Acoustics  of 
the  Auditorium,  34. 

— of  Committee  on  Proper  Manipula- 
tion of  Tests  of  Cement,  43,  99. 

— of  Committee  on  Status  of  Juniors^ 
218. 

—of  Committee  on  Uniform  Standard 
Time,  38. 

—of  Committee  to  Becommend  Award 
of  Prizes,  27. 

— of  Tellers  on  Proposed  Amendment 
to  Constitution,  216. 

—of  Tellers  on  Vote  for  Officers,  54. 

— of  the  Board  of  Direction,  7. 

— of  the  Board  of  Direction  in  Matters 
Belating  to  the  Nominating  Com- 
mittee. 3,  28. 

— of  the  Secretary,  14. 

—of  the  Treasarer,  13. 

Besolution  of  Thanks  at  Annual  Con- 
vention, 162, 191. 

Betnolds,  Justin  Cabinet.— Elected 
an  ARSociate  Member,  248. 

Bhodes,  F.  D. — Discussion  by,  248. 

BiOHABDB,  Joseph  Buoglbs.— Death 
announced,  232. 

BiCHABDsoN,  Hbnbt  B. — Elected  a 
Director,  55. 

Bioexttb,  Palmbb  C— On  Committee 
on  Publications,  67;  On  Commit^ 
tee  of  Arrangements  for  Annual 
Convention,  144. 

BiDEAii,  Dr.  Samuel. — Discussion  by^ 
16(). 

BnjsT,  W.  E.— Discussion  by,  159. 

BissE,  L.  A.  —Inspection  of  Topogra- 
phical Map  by  Invitation  of,  4,. 
43. 

Bobbbts,  William  Jaceson.- Elected 
an  Associate  Member,  158. 

Bobinson,  Hbnbt  Hollisteb. — Besig- 
nation  accepted,  5. 

BooBWELL,  James  Vincent.— Elected 
a  Junior,  94. 

BooEBs,  Faibman.— Death  annoanced,. 
200. 

BooEBs,  Waltbb  Alexandeb— Elected 
a  Member,  94 

Bollins  JambsWinoate,  Jr. —Elected 
a  Member,  232. 

BooD,  H.  M.— Appointed  Teller  to- 
Canvass  Ballot  for  Officem,  3,  25. 

Boss,  Alexandeb  Bell.— Elected  a 
Member,  142. 

BoussEAU,  Habbt  Habwood.— Elected 
an  Associate  Member,  94. 
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BOWLAND. 


STABLING. 


Bqwland,  Thomas  FiTGH.~Kleoted  an 

Honorary  Member,  5. 
BowlandPbizb.— Award  ot  27. 
BoT,  BoBSBT  liAirLAKD.—Elected  an 

Associate  Member,  217. 

Sawyxb,  Jaoob  Hbbbkbt.— Eleoted  an 
Associate,  142. 

Sax,  PsBdVAL  Moblet.— Elected  an 
ARsociate  Member,  2. 

ScHAUB,  J.  W.~  Correspondence  by, 
247. 

SoHBNCK,  A.  A.—Correspondence  by, 
232. 

ScHiiiTT,  EwALD.— Elected  an  Asso- 
ciate Member,  65;  Paper  by,  247. 

ScHUTiJEE,  James  D. -On  Committee 
on  Pnblioations,  67. 

SCHWIEBS,       FbSDBBICK       WzZiLIAM. — 

Elected  a  Junior,  158. 

SooTT,  Abthub  HiiiLicAN.— Besigna- 
tion  accepted,  5. 

Seaman,  Henbt  B.— Elected  a  Di- 
rector, 55;  On  Finance  Committee, 
67;  Dlscnssion  by,  143. 

Secretary. — Keport  of  the,  14. 

Seitzdioeb,  Wiixzam  White. — Death 
announced,  232. 

Sheujcnbebgeb,  Leidt  Budt. — Elect- 
ed  an  Associate  Member,  142. 

Shepabd.  Henbt  Hudson.— Elected  an 
Associate  Member,  142. 

Shebman,  Chabi.es  W.~  Correspond- 
ence by,  95;  Elected  an  Asso- 
ciate Member,  142. 

Shebman,  Hebbebt  Eixwood.— Elect- 
ed a  Member,  82. 

Simpson,  GEOBOE.~Elected  an  Asso- 
ciate Member.  94. 

SxiKNXB,  F.  W.^Disonssion  by,  157, 
248. 

SMSL.T,  J.  D.— Discussion  by,  160. 

Smith,  Hamilton.^- Death  annonnced, 
199. 

Smith,  Jabxd  Auoustinb.— Besigna- 
tion  accepted,  248. 

Smith,  Jsbsb  M.— Address  by,  159, 
198. 

Society,  Statistics  of  the  Work  of  the, 
70. 

*•  SomePecnliarBailroad  Bridge  Acci- 
dents," read  and  discussed,  249. 

*<  South  Terminal  Station,  Boston, 
Mass.."  read  and  discussed,  58. 

Spenceb,  Thbodobe  Nelson. — Elected 
an  Associate  Member,  199. 

Spooneb,  Allen  Nswhall.— Elected  a 
Member,  248. 

Standard  Time.— Beport  of  Com- 
mittee on  Uniform,  38. 


Stabuno.  William.— Death  an- 
nounced, 249. 

Stabbxit,  Milton  Gbbbt. — Elected  a 
Member,  2. 

Statistics  of  the  Work  of  the  Society, 
70. 

Stbabns,  Fbedebig  p.— On  Nominat- 
ing Committee,  161,  187. 

Stxffenb.  William  Fbedebiox.— 
Elected  a  Junior.  94. 

Stboneb.  CLinroBD  Milton.— Elected 
a  Junior,  234. 

Stedham,  Habbison. — ^Elected  an  As- 
sociate Member,  94. 

Stioeb,  John  Shabp,  Jr.— Elected  a 
Junior,  284. 

Stobdabd,  Gbobob  Caleb.— Elected  a 
Member,  94. 

Stone,  E.  Hebbebt.— Awarded  the 
Norman  Medal,  27. 

Stoudeb,  John  Bubton.— Elected  a 
Junior,  82. 

Stbobxl,  Chables  L.— On  Nominat- 
ing Committee,  161,  188. 

"  Structural  Steel  for  Buildings; 
Wrought  Iron,  and  Structural 
Steel  for  Bridges  and  Ships,"  dis- 
cussed, 143. 

Stuabt,  James  Ltall.— Elected  an 
Associate  Member,  65. 

Swain,  Geoboe  F. — Presents  report, 
4,  99;  Nominated  as  Director,  219. 

Sweet,  Elnathan.— Correspondence 
by,  282. 

Stmons,  Thomas  W. — Correspond, 
ence  by,  232. 

Tainteb,  Fbanx  Stone. — Elected  an 
Associate  Member,  2. 

Tait,  J.  G.— Discussion  by,  65. 

Talbot,  Abthub  N.— On  Committee 
to  Becommend  the  Award  of 
Prizes,  233. 

Talbott,  Habbt  Elstneb — Elected  a 
Member,  158. 

Tellers.— Beport  of— On  Election  of 
Officers,  54;  Appointed  to  Canvass 
Ballots  for  Proposed  Amendment 
to  Constitution.  215;  Beport  of — 
On  Amendment  to  Constitution, 
216. 

"Theory  and  Practice  of  Precise 
Spirit  Leveling,"  read  in  abstract 
and  discussed,  215. 

Thomas,  Abthttb  Townb.— Death  an- 
nounced, 232. 

Thomas,  Juan  Tonkin. — Elected  an 
Associate  Member,  82. 

Thomson,  Alexandeb,  Jr.— Elected  a 
Junior,  248. 
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THOEN. 

Thobn,  Alfred  WnjiiAif.— Elected  an 

Associate,  234. 
TiLLBON,  Gbobqe  W.— DiscuBsion  by, 

217. 
TzNKHAJf,  S.  E.— On   (Committee   to 

Recommend  the  Award  of  Prizes, 

233. 
TouoEDA,  Ehbiqub  Augubto.— Elected 

a  Member,  2. 
Tbaot,    Louis   Downeb.— Elected    a 

Junior,'  248. 
Treasurer.— Report  of  the,  13. 
Tbibst,  WoiiPOANO  GuBTAY.— Elected 

an  Associate,  82. 
TuLLOOK,  A.  J. — On  Nominating  Com- 
mittee, 161«  188. 
Tttska,  Gxtstatb  Bobitsghbb. — Elected 

a  Member,  232. 
Ttbbbll,  Wabben  Atbbs  —Elected  a 

Jnnior,  234. 

Vail,  Ghables  Davis.— Elected  an  As- 

Bociate  Member,  158. 
Van     Alsttnb,    Henbt     Abthitb. — 

Elected  an  Associate  Member,  158. 
Van  Pklt,  Sutton.— Elected  a  Junior, 

82. 
ViEB,  Henbt —Elected  an    Associate 

Member,  65. 
VoBOE.  Clabbncb  Bbownino. —Elected 

a  Member,  142. 

Wadswobth,  Gbobob  Besd.— Elected 

a  Junior,  66. 
Waoneb,  Samuel  Tobias. — Paper  by, 

83;  Discussion  by,  83. 
Waldo.  Mabs  Albioenbe..— Elected  a 

Member,  142. 
Walkeb,    Elton   Datid.— Elected   a 

Member,  199. 
Wallace,    John     Findlet.— Elected 

President,   54;   Address   by,  56, 

159,  191,  197;  Presides  at  Meet- 
ing. 58,   93,  159,   160,   161,   183; 

Discussion  by,  93,  159,  160. 
Wabman,  Fbed  Conoveb.— Elected  an 

Associate  Member,  2. 
Wabnkb.  James  Godfbet.— Elected  a 

Member,  199. 
Watson,  Thomas  Tainteb.— Besigna- 

tion  accepted,  233. 
Webeb,      Alezandbb      Hamilton. — 

Elected  a  Member,  216. 
Wbbeb,  Geoboe  Adam.— Elected   an 

Associate,  66. 


WEBSTEB. 

Wxbsteb,  GaoBOE  S.— Paper  by,  83; 
Discussion  by,  83. 

WXBSTEB,     WlLUAM      B.— DiBCUBSiOH 

by,  143,  160. 

Weston,  Ghables  Valentinb. — 
Elected  a  Member,  199. 

Whinbbt,  Samuel.— Presides  at  Meet- 
ing, 65,  143,  217;  Discussion  by, 
65,  217;  On  Finance  Committee, 
67. 

Whipple.  G.  C— Discussion  by,  81. 

Whzbsbman,  James  Peteb.— Elected 
an  Associate  Member,  232. 

White,  Lazabus.— Elected  a  Junior, 
143. 

Whttted,  Levi  Bomulus  —Elected  a 
Junior,  82. 

WiLHELM,    JeBOMB    FbBDBBIGK.— 

Elected  a  Junior,  2. 
Williams,     Edwabd      Hioqinson. — 

Death  announced,  83. 
Williams.  G.  S.— Discussion  by,  95. 
Wilson,  Ghables  William  Sohbaoe. 

—Elected    an    Associate    Mem- 
ber, 2. 
Wiuk>n,   Hebbbbt    M. — Correspond- 
ence by,  215. 
Wilson,  PmELcr  Habtshobnb.— Elected 

a  Junior,  2. 
Wilson,   Thomas  William.— Elected 

an  Associate  Member,  94. 
Wing,  Ghables  B. — Paper  by,  81. 
WiBNEB,  Geoboe  Y. — Correspondence 

by,  95;  Paper  by,  231. 
Wood,  Ibvino  Spabbow.— Elected  an 

Associate  Member,  82. 
WooDBUPP,       Edwabd       Lowbet. — 

Elected  a  Member,  216. 
Woods,  Bobebt  Patibbson.— Elected 

an  Associate  Member,  82. 
WooLLABD,  Geoboe  Cupton.— Elected 

a  Junior,  94. 
WoBOKSTEB,    J.    B. — Correspondence 

by,  58. 
Wmoht,  J.   A.    C. — Correspondence 

by,  232. 
Wbioht,   Moses  Hannibal.— Elected 

a  Junior,  2. 

Ybatman,  M.  E.— On  Committee  of 
Arrangements  for  Annual  Con- 
vention, 144. 

Zabbell,  Elmeb.— Elected  an  Asso- 
ciate Member,  65. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 

January  3d,  1900.— The  meeting  was  called  to  order  at  8.30  p.  m., 
Vice-President  Edward  P.  North  in  the  chair;  Charles  Warren  Hunt, 
Secretary ;  and  present,  also,  95  members  and  28  guests. 

The  minutes  of  the  meetings  of  December  6th  and  20th,  1899,  were 
approved  as  printed  in  Proceedings  for  December,  1899. 

A  paper  by  Allen  Hazen,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled,  '*The 
Albany  Water  Filtration  Plant,"  was  presented  by  the  author  and 
illustrated  with  stereopticon  views.  The  paper  was  discussed  by 
Messrs.  George  I.  Bailey,  William  B.  Fuller,  P.  A.  Maigneu,  George 
Hill,  J.  F.  O'Rourke,  Rudolph  Hering,  A.  M.  Miller,  William  R 
Mason  and  the  author.  The  Secretary  read  discussions  on  the  subject 
by  Messrs.  C.  E.  Fowler  and  George  W.  Fuller. 
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Ballots  were  canvassed,  and    the   following  candidates   declared 
elected : 

As  Membebs. 

John  Abiel  Atwood,  Beaver,  Pa. 

James  Hatwabd  Bacon,  St.  Augustine,  Fla. 

Eduabdo  Justo  Chibas,  Guantanamo,  Cuba. 

Abthub  Graham  Glasgow,  London,  Eng. 

Chables  Addison  Hook,  Baltimore,  Md. 

Otis  EiiUS  Ho  vet,  Athens,  Pa. 

Mii;roN  Gebby  Stabbett,  New  York  City. 

Enbique  Augusto  Touceda,  Albany,  N.  Y. 

As  Associate  Membebs. 
WiujIAM  Fbbdebigk  AiiiiEN,  New  York  City. 
Edmund  Canbt  Alsop,  Philadelphia,  Pa. 
Fbank  Raymond  Coates,  Stamford,  Conn. 
Fbank  Gbant  Cudwobth,  Brooklyn,  N.  Y. 
John  Maubice  Evans,  Albany,  N.  Y. 
Joseph  Kendall  Fbeitag,  Boston,  ;Ma8s. 
GiSLi  Gudmundsson,  Pittsburg,  Pa. 
Abthub  Stanley  Ives,  New  York  City. 
Ebnst  Fbedbk  Jonson,  New  York  City. 
John  Biggeb  Leepeb,  Pittsburg,  Pa. 
William  Gbiffith  Moleb,  Springfield,  Ohio. 
Pebcival  Mobley  Sax,  Philadelphia,  Pa. 
Fbank  Stone  Tainteb,  Far  HDls,  N.  J. 
Fbed  Conoveb  Wabman,  Washington,  D.  C. 
Chables  William  Schbage  Wilson,  New  Bochelle,  N.  Y. 

Announcement  was  made  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  January  2d,  1900: 

As  JUNIOBS. 

Abthub  Hobace  Blanchabd,  Providence,  R.  I. 
William  McKeeveb,  New  York  City. 
Jebome  Fbedebick  Wilhelm,  Grand  Bapids,  Mich. 
Pebcy  Habtshobne  Wilson,  Camden,  N.  J. 
Moses  Hannibal  Weight,  Nashville,  Tenn. 

The  Secretary  announced  that  at  the  meeting  of  the  Board  of  Direc- 
tion, January  2d,  1900,  the  ballot  on  the  reconsideration  of  John 
Knickebbackeb  was  canvassed,  and  that  Mr.  Knickerbacker  was  de- 
clared elected  as  a  Member  of  the  Society. 

The  Secretary  read  the  programme  for  the  Forty-seventh  Annual 
Meeting. 

Adjourned. 
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FORTY-SEVENTH  ANNUAL  MEETING.* 

January  17th,  1900.— The  meeting  was  called  to  order  at  10.15  a.m., 
President  Desmond  FitzGerald  in  the  chair;  Charles  Warren  Hunt, 
Secretary;  and  present,  also,  295  members  and  29  guests. 

Messrs.  T.  McC.  Leutz^  and  H.  M.  Bood  were  appointed  tellers  to 
canvass  the  ballots  for  ofGicers  for  the  ensning  year. 

On  motion,  the  reading  of  the  minutes  of  the  meeting  of  January 
3d,  1900,  was  dispensed  with. 

The  Annual  Beportf  of  the  Board  of  Direction  for  the  year  ending 
December  dlst,  1899,  and  the  Annual  Beports  of  the  Treasurer  and  the 
Secretary  were  presented,  and,  on  motion,  duly  seconded,  accepted. 

The  Secretary  read  the  report  of  the  Gommitte  e  to  recommend  the 
Award  of  Prizes,  and  reported  that  the  action  of  the  Board  of 
Direction  in  regard  thereto  was  as  follows: 

That  the  CoUingwood  Prize  be  awarded  to  Julius  Eahn,  Jun.  Am. 
Soc.  C.  E.,  for  Paper  No.  846,  entitled  "The  Coal  Hoists  of  the 
Calumet  and  Hecla  Mining  Company";  that  the  Thomas  Fitch  Bo  wland 
Prize  be  awarded  to  B.  S.  Buck,  M.  Am.  Soc.  C.  E. ,  for  Paper  No.  836, 
entitled  "The  Niagara  Bail  way  Arch,"  and  that  the  Norman  Medal  be 
awarded  to  E.  Herbert  Stone,  M.  Am.  Soc.  C.  E.,  for  Paper  No.  850, 
entitled  "The  Determination  of  the  Safe  Working  Stress  for  Bail  way 
Bridges  of  Wrought  Iron  and  Steel. " 

The  Secretary  presented  the  report  of  the  Board  of  Direction  in 
relation  to  the  expenses  of  the  Nominating  Committee,  and,  in  relation 
to  this  subject,  read  a  letter  from  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E., 
and  a  proposed  amendment  to  the  Constitution,  signed  by  five 
Corporate  Members.  { 

The  proposed  amendments  were  discussed,  informally. 

The  Secretary  presented  a  report  of  a  comm  ittee,  appointed  by  the 
Board  of  Direction,  to  report  on  the  acoustics  of  the  Auditorium. 

In  relation  to  this  subject,  Budolph  Bering,  M.  Am:  Soc.  C.  E., 
Chairman  of  the  Committee,  addressed  the  meeting,  and  the  President 
stated  that  the  Board  had  already  taken  action  in  regard  to  carrying 
out  the  recommendations  of  the  committee. 

The  Secretary  presented  a  reportj  from  Sandf  ord  Fleming,  M.  Am. 
Soc.  C.  E.,  Chairman  of  the  Committee  on  Standard  Time. 

After  discussion  the  following  resolution  was  offered  by  MendcB 
Cohen,  Past-President  Am.  Soc.  C.  E. : 

"  Resolved:  That  the  Final  Beport  of  the  Committee  on  Standard 

*A  full  report  of  the  Forty-seventh  Annual  Meeting  will  he  published  in  the 
February  number  of  Proceedinga. 

t  See  pages  7  to  16  for  the  Annual  Beports  of  the  Board  of  Direction,  the  Treasurer 
and  the  Secretary. 

t  This  report,  and  the  proposed  amendments,  will  be  printed  in  full  in  the  February 
number  of  Froceedings. 

%  This  report  will  be  printed  in  full  in  the  February  number  of  Proceedinga. 
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Time  be  accepted,  and  that  the  thanks  of  the  Society  be  conveyed  to 
Mr.  Fleming  and  the  members  of  the  Committee  for  their  long- 
continued  service. " 

The  resolution  was  adopted. 

Oeorge  F.  Swain,  M.  Am.  Soo.  C.  £.,  Chairman  of  the  Committee 
on  the  Proper  Manipulation  of  Tests  of  Cement,  presented  the  report 
of  that  committee.* 

On  motion  by  Edward  P.  North,  Vice-President,  Am.  Soc.  C.  E.,  it 
was  ordered  that  the  report  be  accepted  and  placed  on  file,  and  that 
the  Committee  be  continued. 

The  Secretary  read  a  letter  from  Mr.  Louis  A.  Bisse,  Chief  Engi- 
neer of  the  Board  of  Public  Improvements  of  the  City  of  New  York, 
inviting  the  members  of  the  Society  to  inspect  a  large  topographical 
map  of  the  City  of  New  York,  prepared  by  the  Topographical  Bureau 
of  the  Board  of  Public  Improvements,  for  the  International  Exhibition 
in  Paris. 

A.  McC.  Parker,  M.  Am.  Soc.  C.  E. ,  presented  an  invitation  to  the 
members  of  the  Society  to  inspect  the  working  of  a  rubber  belt  con- 
veyor now  being  used  in  handling  material  which  is  being  excavated 
from  a  large  foundation  at  38th  St.  and  First  Ave.,  New  York  City. 

The  Secretary  made  announcements  in  reference  to  the  Annual  Con- 
vention of  1900,  and  Elmer  L.  Corthell,  M.  Am.  Soc.  C.  E.,  addressed 
the  Society  on  that  subject  and  on  the  Engineering  and  Navigation 
Congresses  to  be  held  in  Paris  during  the  Exposition. 

The  Secretary  presented  the  reportf  of  the  Tellers  appointed  to 
count  the  votes  for  ofiScers  for  the  ensuing  year. 

The  President  announced  that  the  following  officers  were  elected 
for  the  year  1900: 

President,  to  serve  one  year: 
John  Findlet  Wallace,  Chicago,  111. 

Vice-Presidents,  to  serve  two  years: 

BuDOLPH  HsRiNa,  New  York  City. 
Alfbbd  Noble,  Chicago,  111. 

TreasH7'e7',  to  serve  one  year: 
Joseph  M.  Knap,  New  York  City. 


♦  This  report  will  be  printed  Id  full  in  the  February  number  of  Proceedings. 

t  On  account  of  the  necessity  for  goin^  to  press  at  an  early  hour  this  report  and  the 
several  others  presented,  could  not  be  printed  in  this  numb^^r  of  Proceedings.  They, 
together  with  the  minutes  of  the  meeting  in  full,  will  be  printed  in  the  February 
Proceedings. 
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Directors^  to  serve  three  years: 

District  No.  i.~JoHN  F.  O'Roukkb,  New  York  City. 
District  No.  i.— Henry  B.  Seaman,  New  York  City. 
District  No.  ^.—Thomas  H.  Johnson,  Pittsbxirg,  Pa. 
District  No.  6. — Joseph  Bamsey,  Jr.,  St.  Louis,  Mo. 
District  No.  6. — Henry  B.  Bighardbon,  New  Orleans,  La. 
District  No.  7. — Georoe  A.  QunOiAN,  Houston,  Tex. 

Mr.  Wallace,  President  for  1900,  was  introduced  to  the  Society  by 
Mr.  FitzGerald  and  took  the  chair. 

Adjourned. 


OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

January  Jd,  1900. — Vice-President  North  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Bensel,  Buchholz, 
Haines,  Hering,  Owen,  Bicketts,  Schneider,  Thomson,  Tnmer  and 
Whinery. 

Action  was  taken  in  regard  to  members  in  arrears  for  dnes. 

The  Beport  of  the  Board  of  Direction  to  the  Society  for  the  year 
1899  was  adopted. 

Ballots  were  canvassed  and  Thomas  Fitch  Bowland,  M.  Am.  Soc. 
C.  E.,  and  George  WAiiLAGE  MELViLiiE  were  declared  elected  Honorary 
Members  of  the  Society,  the  election  to  date  from  the  receipt  of  the 
last  ballot,  December  20th,  1899. 

Ballots  were  canvassed  on  the  reconsideration  of  the  ballot  in  the 
case  of  John  Knickerbacker,  and  Mr.  Knickerbacker  was  declared 
elected  a  Member  of  the  Society. 

Ihe  following  resignations  were  accepted,  taking  effect  December 
3l8t,  1899:  Charles  Jarvis  Bates,  M.  Am.  Soc.  C.  E.;  Richard  Despard 
Dodge,  M.  Am.  Soc.  C.  E. ;  Richard  Morley  Harison,  M.  Am.  Soc.  C.  E. ; 
Arthur  Hillman  Scott,  M.  Am.  Soc.  C.  E. ;  Thomas  Osborn  Horton, 
Jnn.  Am.  Soc.  C.  E. ;  Henry  Hollister  Robinson,  Jun.  Am.  Soc.  0.  E. 

Applications  were  considered  and  other  routine  bnsmess  transacted. 

Five  candidates  for  Junior  were  elected. 

The  meeting  adjourned,  subject  to  the  call  of  the  Chair. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday ^  from  9  A.  M. 
to  10  P.  M. 

MEETINQS. 

Wednesday,  February  7th,  1900,  at  8.30  p.  m.,  a  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  William  B.  Landreth,  M.  Am.  Soc.  0.  K,  entitled  **The 
Improvement  of  a  Portion  of  the  Jordan  Level  of  the  Erie  Canal,"  will 
be  presented.  This  paper  is  printed  in  the  Proceedings  for  December, 
1899. 

Wednesday,  February  Jist,  1900,  at  8.30  p.  m.,  a  regular  meeting 
will  be  held,  at  which  a  paper  by  Charles  S.  Go  wen,  M.  Am.  Soc.  C. 
E.,  entitled  **  The  Foundations  of  the  New  Croton  Dam,"  will  be  pre- 
sented.    This  paper  is  printed  in  this  number  of  Proceedings. 
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ANNUAL  REPOBT  OF  THE  BOARD  OF  DIRECTION  FOR  THE 
YEAR  ENDING  DECEMBER  31st,  1899. 


Presented  at  the  Annxjaij  Meeting,  January  17th,  1900. 


The  Board  of  Direction,  in  compliance  with  the  Constitution  of  the 
Society,  presents  its  report  for  the  year  ending  December  Slst,  1899. 


Membership. 
The  changes  in  membership  are  shown  in  the  following  table: 


Jan.  18T,  1899.  !i  Jan.  Ist,  1900. 


Honorary  Members... 
Correspondinii?  Members 

Members 

Associate  Members. . . 

Associates 

Juniors 

Fellows 

Subscribers 


7 

8 

1  078 

296 

51 

164 

28 

25 


8'... 


1  881  I  25711  llSil  370 

OTA  M    iiTi       ann>       AO4 


870, 
86, 

269! 
88' 

281 1 


807| 

168l 

26! 
25 


424 
98 


Totals 478  1  651  2  124  I  528  1  70O|2  227  151  181  25     24    J  51      165  118   216 


Losses. 


Addi- 
tions. 


88 


Totals 


*  Members,    t  16  Associate  Members  and  8  Juniors,    t  Juniors. 

It  will  be  seen  by  the  table  that  the  net  increase  during  the  year 
was  103. 

The  total  number  of  applications  received  during  the  year  was 
259. 

Action  by  the  Board  has  been  taken  as  follows: 

Passed  to  ballot  as  Members 87 

Passed  to  ballot  as  Associate  Members 102 

Elected  Associates 8 

Elected  Jnniors 47 

Elected  Fellow. 1 


Total 

Applications  now  awaiting  action. 


245 
21 
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The  losses  by  death  dnring  the  year  number  24.  They  are  as 
follows: 

Three  Honorary  Members:  Julius  Walker  Adams,  George  Sears 
Greene,  Horatio  Gouvemeur  Wright. 

Seventeen  Members:  Winthrop  Bartlott,  Jacob  Blickensderfer, 
Charles  Irwin  Brown,  Clarence  Allan  Carpenter,  James  Duane,  Robert 
Gillham,  Horace  Harding,  Alfred  Ephraim  Hunt,  Archibald  Joljnson, 
Samuel  Eillebrew,  John  Charles  O'Melveny,  Francis  Binecker,  Robert 
Delos  Rowe,  Karl  Sporck,  Charles  Herbert  Swan,  Frederic  Candee 
Weir,  Arthur  Sheppard  Campbell  Wiirtele. 

Two  Associate  Members:  William  Roberts  Michie,  Albert  Howell 
Porter. 

One  Associate:  Herbert  Steward. 

One  Fellow:  Charles  Carroll  GUman. 

LiBBABY. 

The  following  sums  have  been  exx>ended  during  the  year: 

For  Binding  23  Volumes 347.10 

**    Purchase  of  Guide-Books,  Directories,  etc. . .       26.25 


$73.35 

The  additions  to  the  Library  from  all  sources  during  the  year 
were :  • 

Bound  Volumes 26S 

Unbound  Volumes. . .  .* 118 

Pamphlets : 257 

Maps,  Photographs,  Charts 36 

Specifications 297 

Total  additions 976 

The  total  attendance  registered  in  the  Reading  Room  during  the 
year  was  1  761. 

In  its  last  report  the  Board  referred  to  the  work  of  reclassifying 
and  indexing  the  Library  as  being  well  under  way.  It  now  has  the 
pleasure  to  report  that  this  work  is  almost  finished.  The  Library  has 
been  divided  into  general  classes,  each  of  which  is  subdivided  as  neces- 
sity, in  each  case,  seemed  to  require,  the  governing  idea  being  to  so 
arrange  the  books,  and  to  so  ji^roup  the  cards,  as  to  enable  one  unac- 
customed to  the  technicalities  of  library  work  to  investigate  a  general 
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subject  or  pursue  a  specific  inquiry  with  the  least  possible  loss  of  time, 
and  by  a  personal  use  of  the  index. 

The  General  Classes  are  as  follows,  the  number  of  titles  indexed 
under  each  being  indicated  by  flg^ures.  The  work  has  not  been 
finished  in  classes  marked  thus.* 

Railroads 3  042        Military 221 

Railroads,  Street 220        Mining 148 

Water- ways 2  425        Roads  and  Pavements 76 

Water  Supply 2  194        *Municipal — 

Sanitation 754  .  Landscape  Architecture ...  40 

Bridges 571        Geography 141 

Mechanical 244  *Engineering  Hand  Books .  — 

Electric 207        *8ociety  Publications 3 

Gas 27        *Periodical8 — 

Architecture     and     Build-  Dictionaries  and  Ency do- 
ing    304               pedias 40 

Marine 251        ♦General  Science 573 

♦Miscellaneous 142 

The  total  number  of  titles  classified  to  date  is  11  623,  representing 
18  055  volumes,  pamphlets,  maps,  photographs  and  specifications, 
which  have  been  accessioned,  catalogued,  labeled  and  arranged  on  the 
shelves. 

The  estimated  number  of  titles  awaiting  classification  is  1  500. 

The  plan  of  indexing  provides  also  for  cross-references  between 
classes,  for  a  separate  '*  Author  "  catalogue,  and  for  a  ''  Subject  "  cata- 
logue. 

Under  the  latter  are  brought  together  for  ready  reference  analytical 
details,  the  discovery  of  which  would  otherwise  require  much  search 
in  the  books  themselves. 

The  total  number  of  cards  written  to  date  is  42  057. 

The  Board  has  already  had  under  consideration  the  advisability  of 
publishing,  as  soon  as  the  index  is  complete,  a  catalogue  of  the  library 
for  distribution  to  the  membership,  and  it  is  believed  that  the  finan- 
cial status  of  the  Society  will  warrant  this  being  done,  and  that  when  it 
is  accomplished  the  result  of  the  expenditure  of  time  and  money  on 
the  Library  during  the  past  two  years,  which  cannot  have  been 
apparent  to  members,  will  be  satisfactory  to  them,  and  particularly 
to  those  who  are  non-resident,  and  have  had  heretofore  no  means 
of  knowing  either  the  number  or  character  of  the  books  upon  our 
shelves. 

In  April,  1899,  arrangements  were  made  with  some  prominent  pub- 
lishers of  engineering  books,  to  contribute  the  works  issued  by  them 
promptly  to  the  Library,  and  since  that  date,  under  the  heading   **  New 
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Books  of  the  Month,"  brief  book  notices  have  been  published  in 
Proceedings.  The  net  result  of  this  has  been  the  receipt  of  91  bound 
volumes,  representing  a  value  of  $194.50,  which  otherwise  it  would 
have  been  necessary  to  purchase,  and  some  of  which  would  probably 
never  have  been  received.  The  publication  of  these  notices,  moreover, 
it  is  believed,  is  of  considerable  advantage  and  convenience  to  engi- 
neers. 


Publications. 

At  its  March  meeting,  the  Board  decided  to  publish  in  Proceed- 
ings, as  well  as  in  Transactiotis,  all  discussion  on  papers  presented,  the 
objects  being  to  secure  cross-discussion  and  to  bring  the  current 
topics  promptly  before  all  members.  The  interest  which  this  system 
has  provoked  may  be  seen  clearly  in  the  character  and  number  of  com- 
munications, published  since  that  time,  on  the  various  subjects  under 
discussion,  and  it  is  now  evident  from  the  results  that  the  Proceedings 
have  a  current  value  which  was  heretofore  lacking. 

In  the  March  Number  of  Proceedings  there  was  begun,  in  an  experi- 
mental way,  a  "  Monthly  List  of  Becent  Engineering  Articles  of  In- 
terest,'* which  has  been  continued  in  each  subsequent  issiie.  This  list 
has  grown  rapidly.  In  the  March  Number  references  were  given  to 
59  articles  from  19  publications,  the  list  being  unclassified;  in  the 
April  Number  the  list  covered  47  publications,  and  it  became  neces- 
sary to  classify  the  entries;  and  in  the  December  Number  the  list  of 
periodicals  referred  to  was  63,  and  305  articles  were  listed.  The  total 
number  of  titles  of  articles  classified  and  printed  in  eight  Numbers  of 
Proceedings  has  been  2  229. 

The  following  tables  give  in  detail  a  summary  of  the  publications 
issued  during  the  year. 


Total  edition 
Number         of  each 
issued.        Number. 

Transactions* 2  2  500 

Proceedings* 10      J  ^g""  60(f  ^  [ 

Constitution  and   List  of 

Members 1  2  700 

Advertisements 10      ]  ^^^^^  \ 


Number  of 
Pa^es. 

Plates. 

Cuts. 

1  251 

12 

166 

1  335 

43 

204 

205 

150 

Totals 2  941  55        370 


♦  Includes  Indexe<«  and  Tables  of  Contents. 
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The  cost  of  publications  has  been  : 

For  Paper,  Printing,  Binding,  etc.,  Transadions and  Pro- 
ceedings    S7  951.02 

For  Plates  and  Cnts 1 173.90 

For  Boxes,  Mailing  Lists,  Copyright  and  sundry  expenses .  203 .  41 

For  Commission  on  Advertisements 256.45 

For  9  8Q0  extra  copies  of  Papers  and  Memoirs 534. 10 

For  List  of  Members 861.02 

Total »10  979  90 

For  time  of  officers  and  clerks  charged  to  publications. . .         3  495.87 

Total «14  475 .  77 

Deduct  amount  received  for  advertisements. . .   S2  310.70 
Deduct  amount  received  for  sale  of  publica- 
tions      2  365.00 

4  675.70 

Net  cost  of  publications ^9  800.07 

Net  cost  of  publications  for  1898  (see  Report  of  Board  of 

Direction,  January,  lb99) 9  958.55 

ME]ZTIlfO& 

There  have  been  32  meetings  held  during  the  year,  as  follows:  At 
the  Annual  Meeting,  2;  at  the  Annual  Convention,  5;  regular  semi- 
monthly meetings,  18;  special  meeting,  1;  Junior  meetings,  6. 

At  these  meetings  18  formal  papers  were  presented,  5  illustrated 
lectures  were  given,  and  13  topics  were  informally  discussed. 

The  Attendance  at  the  Forty -sixth  Annual  Meeting  was  316  members 
and  many  guests,  and  at  the  Thirty-first  Annual  Convention,  held  f^t 
Cape  May,  N.  J. ,  the  total  attendance  was  635,  the  largest  meeting  in 
the  history  of  the  Society. 

Medals  akd  Prizes. 

The  Norman  Medal,  for  the  year  ending  with  the  month  of  July, 
1898,  was  awarded  to  B.  F.  Thomas,  M.  Am.  Soc.  C.  £.,  for  his  paper 
on  "  Movable  Dams." 

The  Thomas  Fitch  Bowland  Prize,  for  the  year  ending  with  the 
month  of  July,  1898,  was  awarded  to  Henry  Goldmark,  M.  Am.  Soc. 
C.  E.,  for  his  paper,  entitled  **  The  Power  Plant,  Pipe  Line  and  Dam 
of  the  Pioneer  Electric  Power  Company  at  Ogden,  Utah." 

No  award  of  The  CoUingwood  Prize  for  Juniors  was  made. 
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Finances. 

The  reports  of  the  Secretary  and  of  the  Treasurer,  appended  to 
this  report,  give  in  detail  the  receipts  and  expenditures  for  the  year, 
and  the  balances  on  hand  at  the  beginning  and  end  of  the  year. 
They  show  that  the  financial  affairs  of  the  Society  are  in  a  very  satis- 
factory condition. 

From  the  balance  on  hand  the  Board  has  decided  to  make  a  pay- 
ment of  SIOOOO  on  the  debt  incurred  for  the  New  House  of  the 
Society,  thus  reducing  that  debt  to  875  000.  The  Board  considers  it 
desirable  to  pay  off  this  debt  as  rapidly  as  possible  without  in  any 
way  restricting  expenditures  necessary  to  maintain  and  promote  the 
usefulness  of  the  Society,  and  to  that  end  has  adopted  a  resolu- 
tion recommending  that  in  future  an  annual  payment  be  made  upon 
the  debt,  the  amount  of  which  payment,  in  any  one  year,  shall  be 
not  less  than  the  sum  received  for  entrance  fees  in  that  year.  If 
this  recommendation  is  followed,  it  will  practically  result  in  setting 
apart  the  entrance  fees  of  new  members  as  a  fund  to  be  applied  to  the 
extinguishment  of  this  debt,  leaving  the  income  from  annual  dues  to 
be  applied  to  the  payment  of  current  expenses  and  to  enlarging  the 
work  of  the  Society  in  such  ways  as  experience  may  develop. 

Judging  from  results  during  recent  years,  the  amount  received 
from  entrance  fees  is  not  likely  to  fall  below  S3  500,  and  wOl  probably 
average  at  least  $3  750  per  year.  Assuming  that  the  debt  may  be 
reduced  by  the  payment  of  the  last-named  sum  annually,  the  whole 
principal  of  the  debt  will  be  extinguished  in  twenty  years. 

The  Board  had  hoped  to  be  able  to  present  with  this  report  a  bal- 
ance sheet  showing  accurately  the  condition  of  the  finances  of  the 
Society  and  its  several  accounts,  but  its  preparation  has  been  delayed 
pending  a  proper  valuation  of  some  of  the  assets  of  the  Society.  It 
is  believed  that  before  the  next  annual  report  such  a  balance  sheet  will 
be  ready  for  presentation  to  the  Society. 

By  order  of  tUe  Board  of  Direction. 

CHAS.  WARREN  HUNT, 

Secretary. 
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REPORT  OF  THE  TREASURER. 

In  compliance  with  the  provision  of  the  Constitution,  the  Treas- 
urer presents  the  following  report  for  the  year  ending  December  31st, 
1899: 

Balance  on  hand  December  dlst,  1898 $7  699.91 

Receipts  from  current  sources,  January  1st  to  De- 
cember 31st,  1899 47  215.22 

Received  from  subscriptions  to  New  Society  House  225.00 

Received  from  sale  of  Historical  Sketch 80.00 

Payment  on  audited  vouchers  for  cur- 
rent business,  January  1st  to  De- 
cember 31st,  1899 841  491.77 

Balance  on  hand  December  31st,  1899: 
In    Union    Trust   Com- 
pany     85  252.63 

In     Qarfield     National 

Bank 7  490.73 

In  hands  of  the  Treas- 
urer          985.00       13  728.36 


855  220.13     865  220.13 


Respectfully  submitted, 

JOHN  THOMSON, 

Treasurer,  Am,  Soc,  C,  E, 


New  York,  January  8th,  1900. 
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REPORT  OF  THE  SECRETARY  FOR  THE 

To  THE  BOABD  OF  DiKECTION  OF  THE 

Gentlemen, — I  have  the  honor  to  present  a  balance  sheet  of  Re- 
December  dlst,  1899,  to  which  is  appended  a  table  showing  the  com- 
during  the  year,  and  its  distribution  to  the  several  accounts. 

New  Yore,  January  8th,  1900. 

Receipts. 

Balance  on  hand  December  31st,  1898,  in  Bank 

and  Trust  Company  and  in  the  hands  of 

the  Treasurer $7  699.91 

Entrance  Fees $  4  075.00 

Current  Dues 24  508.32 

Past  Dues 1  812,79 

Advance  Dues 8  379.78 

Certificates  of  Membership 188.00 

Badges 655.00 

Sales  of  Publications 2  310.70 

Advertisements 2  365.00 

Interest 144.07 

Library 13.00 

Compounding  Dues 440.00 

Fellowship  Fund 250.00 

Miscellaneous 92.24 

New  Society  House  (Subscriptions) 225.00 

Annual  Meeting 839.00 

Sale  of  Historical  Sketch 80.00 

Binding 1  142.32 

47  520.22 


$55  220.13 
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YEAR  ENDING  DECEMBER  SIst,  1899. 
Amebican  Society  of  Civil  Enqineebs. 

ceipts  aDcL  Disbursements  for  the  fiscal  year  of  the  Society,  ending 
pensation  paid  to  persons  who  have  been  in  the  service  of  the  Society 

Respectfully  submitted, 

CHAS.  WARREN  HUNT, 

Secretary, 

DiSBUBaEMENTS. 

General  Printing  and  Stationery $  1  468.78 

Publications -. 14  219.32 

Commission  on  Advertisements 256.45 

Postage 2  257.00 

Library 3  804.64 

Janitor 948.62 

Badges 494.55 

Contingencies 421.61 

Gas  and  Water    686.99 

Finance  and  Accounts 1  665.00 

House  Supplies— Furniture 273.52 

Certificates  of  Membership 116.26 

Fuel 283.76 

Convention  and  Annual  Meeting 1  997. 13 

Insurance—  Safe  Deposit 6.00 

Norman  Medal,  Rowland  and  Collingwood  Prizes  156.82 

Interest  and  Taxes 4  581.25 

Current  Business 6  902.71 

Repairs  and  Betterments  78.20 

Binding 868.45 

Work  of  Committees 4.71 

41491.77 

Balance  on  hand  December  31,  1889 

In  Garfield  National  Bank ^  252.63 

In  Union  Trust  Company 7  490.73 

In  Hands  of  Treasurer 985.00 

13  728.36 


$55  220.13 
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TabiiB  Showing  the  Comfensation  Paid  to  Pbbsons  Who  Have  Been 
IN  THE  Service  of  the  Society  Dubing  the  Yeab,  and  Its  Dis- 
tribution   to    the    SEVEBAIi    ACCOUNTS    ACCOMPANYING   ReFOBT    OF 

THE  Sbcbetaby: 


Name. 

1 

PubUca- 
,    tions. 

Current 
Business. 

Finance 

and 

Ac- 
counts. 

Library.     \^]' 

Total. 

Chas.  Warren  Hunt,  Secre- 
tary  

$1776.00 

$2  876.98 

$566.00 

$786.00  

$6  941.98 

John  Thomson,  Treasurer. 

100.00 

100.00 

T.  J.  McMinn,  Asst.  Secre- 
tary   

i     1900.00 

000.00 

1(100.00 

900.00 

1800.00 

B.  J.  Burke,  Clerk 

1000.0(J 

D.  J.  Mullen,  Stenographer. 
M.  F.  Huckell,  Bookkeeper. 

E.  H.  Frick,  Asst.  Libra- 
rian  

900.00 

800  00 

1 

800.00 

900.00 

800.00 

90n.oo 

E.  A.  AngeU,  Asst.  Libra- 
rian  

i 

600.00 

William  Waldele,  Office  Boy 
Louis  Qloor,  Hall  Boy 

2S.00 
180.00 
166.00 

22.00 

1 

186.00 

Percy  .Harrow,  Hall  Boy  .. 
Frank  £.  Harrold,  Janitor. 

:"::::::: 

156.00 

$600.00 

600.00 

J.  Simmons.  Cleaner 

42.60 

42.50 

*John   W.    barney,    OflSce 

566.70 

1 

.I9e.81 

66.00 
178.80 

130.00 

1  U88.01 

Asst 

*Chas.  J.  Mayer.  Office  Boy. 
•Arthur  J.  wink.  Office  Boy. 
•Joseph  Michelsen,  Cleaner. 

M.  Steinbrenner,  Tempor- 
ary Asst.  in  Library 

55.00 

178.90 

806.12 

806.12 

! 

1 

1 
618.87 

90.00 

90.00 

201.60 

154.50 

1 

18.06  

188.88 : 

618.87 

M.  aT  Kingsbury,  Tempor- 
ary Asst.  in  Library  .... 

1 

90.00 

L.  L.  Parker,   Temporary 
Asst.  in  Library 

1 

90.00 

I.  Fredericks,   Temporary 
Typewriter 

;           ! 

901.60 

•K.  H.  Jacobsen,  Temporary 
Asst.  In  Library 

! 

154.50 

•M.   WiUlams,    Temporary 
Asst.  in  Library..  . 

18.06 

♦E.  Cocrof t.  Typewriter. . . . 

188.88 

Otto  Claussner,  Temporary 
Office  Asst       

16.00 
6.00 
8.88 

15.00 

♦C.   8.  Clarke,   Temporary 
Office  Asst  

18.50 
6.67 

'.            ; 

19.50 

♦B.  Hartt,  Temporal  y  Office 
Asst 

1 

10.00 

1 

Totals 

98  496.87 

$6  890.77 

$1455.00   $8  566.26' $948.62! 

$15  866.52 

•  Not  at  present  in  employ  of  Society. 
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MONTHLY  LIST  OF  RECENT  ENOINEERINQ  ARTICLES  OP 

INTEREST. 

(December  11th,  1899,  to  January  9th,  1900.) 
Note. — This  list  is  p  uhlishedfor  the  p  urpose  of  placing  before  the  members 
of  the  Society  Hie  titles  of  current  engineering  articles,  which  can  be  referred 
to  in  any  available  engineering  library,,  or  can  be  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre* 
fixed  to  each  journal  in  this  list. 


(i)  Journal,  A^aaoc.  Eng.  Soc,  257  South 
Fourth  St.,  Philadelphia,  Pa.,  89c. 

(a)  Proceedinga,  Eng.  Club  of  Phila.,  1122 
Girard  St.,  Philadelphia,  Pa. 

(3)  Journal,   Franklin    inst.,    Philadel- 

phia, Pa..  60c. 

(4)  Jicmrna/,  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago.  III. 

(5)  Tratuactions,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  Mines  Quarterlp.  Columbia 

Univ.,  New  York  City.  SOc. 

(7)  Technology    Quarterly,    Mass.     Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute.  Hoboken,  N.  J.,  50c. 

(9)  Engineering   Magazine^   New   York 

City,  80c. 
(10)  CoMier'a  Magazine,  New  York  City, 

25c. 
(n)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  86c. 
(ij)  The  Engineer  (London).  International 

News  Co.,  New  York  City,  85c. 
(13^  Engineering  A'eica,  New  York  City, 

15c 
{14)  The  Engineering  Record,  New  York 

City,  12c 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City.  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  85c. 

(i8)  Railicay  and  Engineering  Review, 
Chicago,  HI. 

(19)  Scientific  American  Supplement,  New 
Yorlc  City,  10c. 

(»o)  Iron  Age,  New  York  City,  10c. 

(2i)  Railway  Engineer,  London,  Eng- 
land. 

(aj)  Iron  and  Coal  Trades  Review,  Lon- 
don, England. 

(33)  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Pa. 

(14)  American    Oaslight    Journal,    New 

York  City.  10c. 

(15)  American  Engineer,  New  York  City, 

aoc. 

C16)  Electrical  Review,  London,  England. 

(27)  Electrical  World  and  Electrical  En- 
gineer, New  York  City,  10c. 

(a8)  Industries  and  Iron,  London,  Eng- 
land. 

(29)  Journal,  Society  of  Arts,  London, 

England. 

(30)  Annales   des    Travaux   Publics  de 

Belgique,  Brussels,  Belgium. 

(31)  Annales  deV  Assoc,  des  Ing.  Sortis 

des  EcCle  Sptciales  de  Qand,  Brus- 
sels, Belgium. 


(32)  Memoirs  et  Compt  Rendu  des  Tra- 

vaux,  Soc.   Ing.   Civ.  de  France, 
Paris,  France. 

(33)  Le  a^nie  Civil,  Paris,  France. 

(34)  Portefeuille    Economique    des    Ma- 

chines, Paris,  France. 

(35)  Nouvelles  Annales  de  la  Construc- 

tion, Paris,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue  Oinirale  des  Chemins  de  Per 

et  des  Tramways,  Paris,  France. 

(39)  Railway  Master  Mechanic,  Chicago, 

(40)  Raiitray  Age,  Chicago,  111.,  lOc. 
(41;    Modem  Machinery  ,Chlcagp,  Ill.v,  10c. 
(4a)   Transactions,  Am.  Inst.  Klec.  Eng., 

New  York  City,  50c. 

(43)  Annales    des    Fonts   et    Chaussies, 

I^ris,  France. 

(44)  Journal,    Military   Service    Institu- 

tion, Governor's  Island,  New  York 
Harbor.  76c. 

(45)  Mines  and  Minerals,  Scranton,  Pa. 

20c. 

(46)  Scieiitifle  American,  New  York  City, 

10c. 

(47)  Mechanical  Engineer,    Manchester. 

England. 

(48)  Zeitschrift  des  Vereines  Deutscher  In- 

genieure,  Berlin,  Germany. 

(49)  Zeitschrift far Bauwesen,  Berlin,  Ger- 

many. 

(50)  Stahl  und  Eisen,  Duesseldorf,  Ger- 

many. 

(51)  Deutsche   Bauzeitung,    Berlin,    Ger 

many. 

(52)  Rigaache    Industrie- Zeitung,    Riga, 

Russia. 

(53)  Zeitschrift  des  oesterreichischen  In- 

genieur  U7id  Architekten   Vereines^ 
Vienna,  Austria. 

(54)  Den  Tekniske  Forenings   Tidsskrift^ 

Copenhagen,  Denmark. 

(55)  Ingenidren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift.  Stockholm,   Swe- 

den. 

(57)  Teknisk Ugeblad,  Christiania,Norway. 

(58)  Proceedings,  Eng.  Soc.    W.  Pa.    410 

Penn  Ave.,  Pittsburg,  Pa.    SOc. 

(59)  Transactions,   Mining    Institute    of 

Scotland,  London  and  Newcastle- 
upon-Tyne. 

(60)  Bridges  and  Framed  Strtu:tures,  858 

Dearborn  St.,  Chicago,  111.,  80c. 

(61)  Proceedings,  Western  Kailway  Club. 

225  Dearborn  St.,  Chicago,  111.,  25c. 

(62)  American   Mamifaeturer   and  Iron 

World,  59  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 
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LI5T  OP  ARTICLES. 
Brldse. 

An  Electric  Drawbridge  at  Boston.    W.  S.  Key.    (37)  Dec.  28. 

An  Elevated  Railway  Drawbridge  in  Boston.    (17)  Jan.  6. 

Long  Span  Bridges.    William  H.  Burr,  M.  Am.  80c.  C.  E.    (a)  Dec.,  1899. 

The  Atbara  River  Bridge.    Richard  Khuen,  Jr.,  M.  Am.  Soc.  C.  E.    (a)  Dec..  1899. 

An  Old  Chain  Suspension  Bridge.    Mulverd  A.  Howe,  M.  Am.  Soc.  C.  E.    (14)  Jan.  6. 

The  Victoria  Bridge  Over  the  Dee  at  Queenaferry.    (63)  Part  iv. 

Illinois  Central  Bridge  at  Dubuque.    (40)  Dec.  15. 

The  New  East  River  Bridge.    (15)  Dec.  15. 

Hunslet  Railwav  Bridges,    (la)  Dec.  22. 

New  French  Bridges.    Frahm.    (50)  Serial  beginning  Dec.  1,  ending  Dec.  15. 

Short-Span  Rdilroad  Bridges,  Oregon  Railroad  and  Navigation  Company.     (14)  Dec.  80. 

The  Temporary  Restoration  of  Railway  Bridges.    (11)  Serial  beginning  Nov.  24,  ending 

Dec.  15. 
Some  American  Bridge  Shop  Methods.    Charles  E.  Fowler,  M.  Am.  Soc.  C.  E.    (10)  Jan., 

1900. 
Worm-Eaten  Piles.    (15)  Dec.  15. 

Steel  and  Cement  Facing  for  a  Protection  Pier.    (14)  Jan.  6. 
Pont-Route  de  Nogent-sur-Mame  (Seine).    A,  Dumas.    (33)  Dec.  9. 
Joints  Flezibles  Pour  r Assemblage  des  Treillis  k  Attache  Rlgide  des  Ponts  M^talliques. 

(36)  Dec.  10. 

Electrical. 

Magnetism.    Prof.  James  Alfred  Ewing.    (63)  Part  iv. 

The  Field  of  Experimental  Research.    Prof.  Elihu  Thomson.     (47)  Serial  beginning 

Dec.  2,  ending  Dec.  30. 
The  Contact  versus  the  Chemical  Theory  of  the  Volta  Effect.    (26)  Dec.  29. 
Some  Experiments  on  Voltaic  Cells  with  Compound  Electrodes.     Frederick  S.  Spiers. 

(a6)  Serial  beginning  Dec.  8,  ending  Dec.  15. 
Alternating  Current  Diagrams.    Robert  A.  Philip.    (a7)Dec.  23. 
A  New  Method  of  Compounding  Alternators.    (13)  Jan.  4. 
Double  Voltaee  and  Current  (ienerators.    Alton  D.  Adams.    (37)  Dec.  16. 
Capacity  Limits  in  Direct  Current  Machines.    Alton  D.  Adams.    {47)  Dec.  28. 
Test  of  a  800-Kilowatt  Direct-Connected  Railway  Unit  at  Different  Loads.    Edward  J. 

Willis.    (a8)  Dec.  15. 
The  Rotary  Phase  Converter.    Prof.  R.  W.  Quick.    (27)  Jan.  6. 
Some  Notes  on  Rotary  Converters,  with  Special  Reference  to  the  Extension  Plant  of  the 

Chic^o  Edison  Company.     A.  C.  Eberall.    (36)  Serial  beginning  Nov.  24,  ending 

The  Scientific  Principles  of  Public  Lighting  by  Arc  Lamps.  F.  W.  Carter.  (36)  Serial 
beginning  Dec.  22,  ending  Dec.  29. 

The  Cost  of  Arc  Lighting.    H.  H.  Wait.    (13)  Jan.  4. 

Alternating  Current  Power  Motors.    W.  A.  Layman.    (1)  Nov.,  1899. 

An  Ideal  Municipal  Electric  Plant.    (34)  Dec.  11. 

The  Perth,  W.  A.,  Electricity  Works.    (26)  Dec.  8. 

The  Grand  Rapids,  Micb.,  Miinicipal  Central  Station.  Edward  James  Hart.  (37)  Dec. 
28. 

Hereford  Corporation  Electricity  Works.    (36'»  Dec.  15. 

Lighting  and  Power  Installation  of  the  New  Post  Office  Department  Building,  Wash- 
ington, D.  C.    J.  P.  Alexander.    (37)  Jan.  6. 

Electric  Lighting  Plh,nt  and  Sti-eet  Lamps  of  Trieste,  Austria.  Josef  Herzog.  (37) 
Jan.  0. 

San  Gabriel  Electric  Coraiwiny.    (11)    Serial  beginning  Dec.  22,  ending  Dec,  29. 

The  Milan  Electric  Power  and  Lighting  Works.    (13)  Dec.  22. 

The  Union  of  Electric  Lighting  and  Traction  Plants.    Alton  D.  Adams.     (10)  Jan.,  1900. 

The  Utilization  of  L^Iast  Furnace  Ciases  in  the  Generation  of  Electricity.  (36)  Serial 
beginning  Dec.  15,  enrling  Dec.  22. 

An  Electrical  Quarry  Installation.     (36)  Dec.  22. 

Aluminum:  its  Uses  and  Treatment  in  Electrical  Engineering    (47)  Dec.  80. 

Electricity  in  CVml  Mining.  John  Price  Jackson  and  Frank  F.  Tnompson.  (47)  Dec. 
16;  f  16)  Dec.  23. 

Breaks  in  Submarine  Cables  Close  to  Repairs.    (63)  Part  iv. 

An  American  Pacific  Cable.    Cant.  George  Owen  Squier.    (37)  Jan.  6;  (18)  Jan.  6. 

The  New  Common  Battery  Bell  Teh»phoue  Exchange,  Brooklyn,  N.  Y.    (37)  Dec.  23. 

The  Kinloch  Telephone  Exchange  or  St.  Louis,  Mo.    Frederick  E.  Bausch.    (37)  Jan.  6. 

Tlie  Terminal  System  and  Underground  and  Aerial  Lines  of  the  Kinloch  Telephone  Com- 
pany.   Frank  Clark  Cosby.    (37)  Jan.  6. 

New  Telephone  Station  in  Vienna.  Wehrenalp.  (53)  Serial  beginning  Dec.  8,  ending 
Dec.  22. 

The  Newport,  R.  L,  Electrical  Automobile  Station.    Spencer  C.  Crane.    (37)  Dec.  16. 

Stray  Currents  and  the  Stability  of  Structures.    (34)  Dec.  35. 

Transmission  de  Force  par  Courants  Diphases  des  Mines  de  Sheba.  (Transvaal.)  (34) 
Dec..  1899. 

L^Energte  filectrique  en  Agriculture.    (36)  Dec.  10. 

Quelques  Solutions  d'filectrotechnique.    Emile  Dieudonnfi.    (36)  Dec.  10. 

Le  Service  des  Installations  Mecaniques  a  TExposition  de  1900.  G.  Leugny.  (36) 
Dec.  10. 
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electrical- (Continued ) . 

Les  DeTeloppementg  de  T  Electricity  aux  Etats-Unis  en  1800— Recants  Installations  Elec- 

triques.    M.  Delmas.    (33)  Nov.,  1800. 
Application  des  Altemateurs  Monophas^s  &  la  Production  des  Courants  Polyphas^s 

Industriels  pour  le  Fonctionnement  des  Moteurs.    (36)  Dec.  10. 

Marine. 

The  United  States  Harbor  Defence  Vessels.    (13)  Dec.  29. 

Engines  of  the  Dutch  Cruiser  Aboard  £ra6anf.    (13)  Dec.  8. 

H.  M.  S.  Creiity.    (13)  Dec.  22. 

H.  M.  SS.  Pegtuiu  and  Pyramus.    (11)  Dec.  22. 

Warship  Construction  in  1800.    (11)  Dec.  22. 

ShipbuUding  and  Marine  Engineering  in  1899.    (11)  Dec.  20. 

The  Record  of  the  Year  In  Steel  Shipbuilding.    Waldon  Fawcett.    (30)  Dec.  14. 

Naval  Work  in  English  Shipyards  and  Engine  Factories  in  IvSOO.    (13)  Dec.  29. 

New  Cunard  Steamer  Saxonia.    (13)  Dec.  22. 

The  Humber  Steam  Pilot  Yacht  Commander  Cawley.    (11)  Dec.  20. 

Floating  Dry  Docks  in  America.    Waldon  Fawcett.    (41)  Jan.  1. 

Notable  Salvage  Operations  of  the  Past  Year.    Waldon  Fawcett.    (9)  Jan.,  1000. 

Electrical  Launches.    Max  Bttttner.    (48)  Nov.  28. 

Tests  of  new  Krupp  Armor  Plates.    (50)  Dec.  1. 

Large  Modem  Steamships.    O.  Flamm.    (50)  Dec.  1. 

Probldme  de  ia  Navigation  Sous-Marine.    H.  Noalhat.    (36)  Dec.  10. 


A  Complete  Cycle  for  the  Steam  Boiler  and  Engine.    L.  C.  Auldjo.    (38)  Dec.  20. 

The  Cost  of  Steam  Raising.    John  Halliday.    (47)  Serial  beginning  Dec.  16,  ending  Dec. 

80;  (11)  beginning  Dec.  8,  ending  Dec.  22. 
The  (^Jost  of  Steam  and  Electric  Energy.    (11)  Dec.  16. 

The  Evolution  of  the  Stationary  Steam  Engine.    A.  R.  Robertson.    (63)  Part  iv. 
The  Steam  Engine  at  the  End  of  the  Nineteenth  Century.     R  A.  Thurston,  M.  Am.  Soc. 

C.  E.    (30)  Dec.  14;  (10)  Jan..  1000. 
The  Steam  Engine  for  the  Electnc-Traction  Power  House.    Charles  A.  Hague,  M.  Am. 

Soc.  C.  E.    (o)  Jan.,  1900. 
The  Friction  of  Steam  Packings.   Charles  Henry  Benjamin,  M.  Am.  Soc.  C.  E.   (13)  Dec. 


21;  (47)  Dec.  0. 

_     H.-P.  Laval  Steam  Turbine  and  Dynamo.    (47;   

Experiments  in  Regulating  the  Rider  Valve  Gea.'.    Caraerer.    (48)  Serial  beginning 


lOO-H.-P.  Laval  Steam  Turbine  and  Dynamo.    (47)  Dec.  16. 


Nov.  26,  ending  Dec.  2. 
One-Cylinder  Compound  Steam  Engine.    C.  Sondermann.    t48j  Dec.  0. 
Turbines  with  Indirect  Acting  Regulator.     A.  Ffarr.    (48)  Serial  beginning  Dec.  16, 

ending  Dec.  28. 
A  Note  on  Fly- Wheel  Design.    (30)  Dec.  14. 
A  Continuous  Mean-Pressure  Indicator  for  Steam  Engines.    Prof.  William   Ripper. 

(13)  Dec.  15;  (11)  Dec.  15;  (47}  Serial  beginning  Dec.  23,  ending  Dec.  80. 
Illuminating  and  Fuel  Oas.    Wilham  Paul  (ierhard.    ( 10)  Jan.,  1900. 
Apparatus  for  the  Analy.sis  of  Illuminating  and  Fuel  Oases.    George  £.  Thomas.    (34) 

Jan.,  8. 
Estimation  of  Benzine  Vapor  in  Gas.    (34)  Dec.  11. 
The  Oas  Engine  in  the  Foundry.    George  A.  True.    (34)  Dt»c.  11. 
Efficiency  Test  of  125-Horse-Power  Gas  Engine.    (34)  Dec.  25. 
Utilization  of  His:h  Furnace  Gases  for  Power  in  Gas  Engines.    Bryan  Donkin.    (13) 

Serial  beginning  Nov.  24,  ending  Dec.  15. 
Experiment  on  Using  Gasolme  Gas  for  Boiler  Heating.    Herman  Poole.    (63)  Dec.  21; 

7i«)  I>ec.  23;  (34)  Dec.  11. 
A  Gasoline  Hoisting  Engine  at  a  Mexican  Mine.    (13)  Dec.  21. 
Blast  Furnace  Gas  lor  Gas  Engines.    (14)  Jan.  6;  (63)  Jan.  4. 
The  Most  Perfect  Machiae  Shop— Building  No.  16  of  the  Schenectady  Works  of  the 

Qeneral  Electric  Co.    S.  D.  V.  Burr.    (30)  Jan.  4. 
The  Revolution  in  Machine  Shop  Practice— The  Practical  Limitations  of  Tool  Making. 

Henry  Roland,    (o)  Jan.  19(^. 
Strength  of  Steel  Balls.    J.  F.  W.  Harris.    ^47)  Dec.  16. 
The  3£uiufacture  of  Armorplate  at  Sheffield.    (33)  Dec.  15. 
The  Liquefaction  of  Air.    Arthur  L.  Rice.    (13)  Dec.  21. 
A  Siiiall  Motor-Driven  Air  Compressor.    (13)  Dec.  21 . 
Automatic  Grain-Weighing  Machine.    (11)  Dec.  8. 
Traction  Engines  in  South  Africa.    (13)  Dec.  8. 
New  Electric  Cranes.    (48)  Dec.  2. 
Sugar  Machinery.    .11)  Dec.  8. 
The  Otto  Coke  Oven  in  Germany.    (33)  Dec.  8. 
TesU  of  a  Refrigerating  Plant.    (14)  Dec.  HO. 
Mechanical  Transport  in  Mining  and  Engineering  Works.    A.  J.  S.  B.  Little.    (9)  Jan., 

1900. 
A  German  Brass  Furnace.    (63)  Dec.  28. 

A  Metal  Dynamograph.    Paul  Mellen  Chamberlain.    (30)  Dec.  14;  (47)  Dec.  9. 
The  Testing  of  Chains.    W.  C.  Popplewell.    (47)  Dec.  23. 
Screw  Fans.    Charles  H.  Innes.    (47)  Dec.  28. 
Distribution  of  the  Energy  of  a  Pound  of  Coal  in  the  Electric  Railway  Cycle.    Albert 

B.  Herrick.    (17)  Jan.  6. 
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Mechanical— (Continued )  • 

Recent  Progress  in  Automobile  Construction.    W.  Worby  Beaumont.    (9)  Jan.,  1900. 

An  Account  of  Some  Modem  Steam  Wagons.    George  A.  Burls.    (47)  Dec.  28. 

The  Stanley  Steam  Car.    (a8)  Dec.  16. 

The  Gobron  and  Brillie  ''Silent ''  Motor  Car.    (a8)  Dec.  89. 

Humber  Motor  Vehicles.    (^*i)  Dec.  8. 

The  '•  Star  "  Motor  Car.    (a8)  Dec.  8. 

The  ''  Swiss  Mountaineer ''  Car.    va8)  Dec.  8. 

A  Record-Making  Automobile.    J.  B.  Entz  and  H.  P.  Maxim.    (97)  Dec.  28. 

Mouton  de  140  Kilogrammes  Instaliee  chez  M.  £.  Berthod.    Lepn  Griveaud.    (34)  Dec., 

Considerations  sur  la  Theorie  de  la  Machine  a  Vapeur.  M.  Anspach.  (37)  Serial  begin- 
ning Oct..  ending  Nov.  1899. 

Resume  de  Quelques  Experiences  pour  I'Etude  de  la  Circulation  de  TEau  dans  les 
Chaudieres.    M.  Bellens.    (37)  I^v.  1899. 

Notes  Relatives  a  la  Fabrication  des  Tubes  et  des  Corps  Creux,  en  Fer  ou  en  Acier,  sans 
Soudure.    M.  Vinsonneau.    (37)  Serial  beginning  June,  ending  Nov.,  1899. 

Military. 

Coast  Fortifications.    The  Gruson  Chilled  Cast  Iron  Turrets.    (20)  Dec.  28. 

Mining. 

The  Republic  Mine,  Washintcton.    M.  H.  Joseph.    (i6>  Dec.  16. 

The  Granby  Smelter,  Boundary  District,  British  Columbia.    Charles  A.  Bramble.    (16) 

Dec.  16. 
Some  Notes  on  the  Mining  Practice  of  the  Witwatarsrand  Gold  Fields,  South  African 

Republic.    G.  A.  Denny.    (6)  Nov.,  1899. 
The  Progress  in  Ore  Dressing.    C.  B16meke.    (6)  Nov.,  1899. 
Present  Commercial  Method  of  Copper  Assaying  and  Analysis.    Titus  Ulke.    (16)  Dec. 

16. 
Vacuum  Tank  for  Bailing  Out  Shafts.    (13)  Dec.  28. 
The  Kaselowsky  Pumping  System.    Charles  Francois.    (16)  Dec.  23. 
Petroleum  Motors  for  Coal  Mine  Haulage.    M.  J.  Kerstrom.    ( 16)  Dec.  16. 
On  the  Relative  Positions  of  Drums  and  Pulleys  in  Winding  Arrangements.    George  W. 

Westgarth.    (aa)  Dec.  15. 
Nouvelle  Methode  d'Exploitation  de  la  Houille  employes  2L  la  Grand,  Combe  (Gard.). 

(33)  Dec.  16. 

Municipal. 

Failures  in  Asphalt  Pavements.    (14)  Jan.  6. 

Laying  Gas  and  Water  Mains  in  Public  and  Private  Streets.    ( a4)  Dec.  18. 

State  Improvements  of  Public  Highways  in  ihe  State  of  New  York.    ( 13)  Dec.  14. 

Electrolysis  in  American  Cities.    F.  A.  W.  Davis.    (34)  Dec.  18. 

l*he  Advantages  of  Tunnels  in  Large  Cities.    (14)  Dec.  16. 

A  Subway  for  Pedestrians  Under  Electric  Car  Tracks  at  Travers  St.,  Boston,  Mass.    ( 13) 

Jan.  4. 
Pavage  en  Bois  &  Flbras  Obliques.    Leon  Griveaud.    (35)  Dec.,  1899. 

Railroad. 

The  Central  Railroad  of  Peru.    (15)  Dec.  22. 

The  Railroads  of  Siam.    ( 15 )  Dec.  22. 

Opening  of  the  Third  Avenue  Railway,  New  York.    (17)  Jan.  6. 

The  Traffic  Difficulties  of  the  Brooklyn  Rapid  Transit  System.    (17^  Jan.  6. 

The  Contemplated  Introduction  of  Electric  Motive  Power  on  the  Berlin  City  Ringbahn. 
(51)  Dec.  9. 

The  Building  of  Railroads  in  Africa.    Schwabe.    (51)  Dec.  16. 

Third  RaU  Conductors  for  Electric  RaUways.    Leo  Daft.    (10)  Jan.,  1900. 

Electric  Tramway  Traction.  Albert  D.  Greatorex.  (47)  Serial  beginning  Dec.  2,  ending 
Dec.  16. 

Locomotive  Development    •  (aj)  Dec.  9. 

Crown  and  Cross  Stays— luexican  Central  Railway.    (15)  Dec.  29. 

Some  Locomotive  Details.    (15)  Dec.  29. 

Pooling  of  Locomotives.    M.  E.  Wells.    (61)  Nov.,  1>^99:  (13)  Dec.  21. 

Fast  Passenger  Compound  Locomotive,  Northern  Railway  of  France.    (18)  Dec.  80. 

Some  Types  of  British  Narrow  Gauge  Locomotives.  J.  B.  Corrie.  (47)  Serial  begin- 
ning Dec.  28,  ending  Dec.  8U. 

Fuel  Economy  Resulting  from  a  Study  of  Indicator  Canls.  W.  E.  Symons.  (15)  Dec. 
29. 

The  Rehabilitation  of  the  Piston  Valve.    (39)  Jan.,  1900. 

Friction  Tests  of  a  Locomotive  Slide  V^alve.  Frank  C.  Wagner.  (47)  Dec.  9;  (18)  Dec. 
16. 

Steel  Ties  in  Mexico.    (18)  Dec.  28. 

Track  Throwing  Car,  Pennsylvania  Railroad.    (13)  Dec  21. 

Railway  Signalmg  in  America,    (la)  Dec.  29. 

Automatic  interlocking  at  Hawley,  111.    (18)  Jan.  6. 

Combination  Ballast  and  Coal  Cars.    Illinois  Central  Railroad.    (13)  Jan.  4. 

Trucks  for  Broad  Gauge  Cars  on  Narrow  Gauge  Tracks.    (15)  Dec.  22. 

A  New  PUe-Drtver  on  the  C.  M.  &  St.  P.  Ry.    (18;  Dec.  28. 
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Railroad— (Continued ). 

The  600-Ton  Coalinf  Station  of  the  Lehigh  Valley  Railroad.    (15)  Jan.  5. 

The  New  Terminal  Station  of  the  Pittoburg  &  Lake  Erie,    (is)  Dec.  15. 

The  Waterloo  and  City  Electric  Railway.    (26)  Dec.  29. 

Leg  Traverses  Metalliaues.    Auguste  Moreau.    (3a)  Nov.,  lt)99. 

Le  Mat«riel  Nouveau  du  Chemins  d,e  Fer  du  Gothard.    M.  Lancrenon.    (38)  Dec.,  1809. 

Note  Hur  le  Chariot  Transbordeur  Electrique  sans  Fosse,  de  la  Compagnie  d*()rlean8. 

M.Sabouret.    (38)  Dec.,  1899. 
Essais  de  Traction  Klectrique  sur  les  Llgnes  de  Chemins  de  Fer  Secondaires  en  Italie. 

Raymond  Oodfernaux.    (38)  Dec..  1899. 

Sanitary. 

A  Laree  Overflow  Chamber.    (14^  Dec.  16. 

Ezpenments  on  Sewage  Puriflcalion  at  the  Lawrence  Experiment  Station  During  1896. 

(13)  Dec,  21.  *  . 

Chemical  Precipitation  and  Rapid  Filtration  of  Sewage  at  Madison,  Wis.    (13)  Dec.  28. 
A  New  Sewer  Invert  Block.    1 14)  Jan.  6. 

The  Ventilation  of  Tunnels  and  Buildings.    Francis  Fox.    (10)  Jan.,  1900. 
Electric  Lighting  and  Refuse  Destruction,    (la)  Dec.  15;  (a8)  Dec.  15:  (aa)  Dec.  16: 

(a6)  Dec.  29. 

Structural. 

Repeated  Stresses.    (14)  Jan.  6. 

Colors  of  Heated  Steel.    Maunsell  White  and  F.  W.  Taylor.    (11)  Dec.  29. 

Alloys  of  Iron  and  Nickel.    R.  A.  Hadfleld.    (63)  Parr  iv. 

Experiments  on  Alloys  of  Iron  and  Nickel.    F.  Osmond.    (63)  Part  Iv. 

Foundations  of  Buildings.    (14)  Dec.  16. 

The  Foundations  of  a  Ijarge  Power  House.    (14)  Dec.  16. 

A  New  Automatic  Bucket  for  Dumping  Concrete  Under  Water.    (13)  Dec.  21. 

Concrete  Docks  for  the  Illinois  Steel  Co.  at  South  Chicago,  111.    (13)  Dec.  14;  (ao) 

The  Simplon  Tunnel.    Axel  Larsen.    (10)  Jan.,  1900. 

A  New  Gravity  Concrete  Mixer.    (13)  Dec.  28. 

Comparative  Tests  of  Different  Forms  of  Cement  Briquettes.    (14)  Dec.  80. 

The  Hydraulic  Laboratory  of  Lafayette  College.    (14)  Dec.  80. 

The  New  Home  of  the  New  York  Supreme  Court  of  Appeals.    ( 14)  Jan.  6. 

New  Main  Power  Station  of  the  Third  Avenue  Railroad  Company,  New  York.    (17)  Jan. 

6:  (14)  Jan.  6. 
The  Central  Station  of  the  Imperial  Electric  Light,  Heat  and  Power  Company,  St.  Louis 

(ay)  Dec.  16. 
The  Works  of  the  Nazareth  Portland  Cement  Company.    (14)  Dec.  16. 
The  U.  S.  Machinery  Building  at  the  Paris  Exposition.    (14)  Dec.  16. 
Sugar  Houses  of  St'^l     (6a)  Jan.  4. 

The  Youngstown  Blast  Furnaces  of  the  National  Steel  Company.    (ao>  Dec.  21. 
Japan*s  Industrial  Development  and  the  Imperial  Japanese  Steel  Works.    (50)  Dec.  16. 
The  Somerton  Hills  MaiLsoleum.    (14)  Dec.  80. 
Gasholder  Guide  Frames.    Hacker.    (48)  Nov.  28. 
Strain  and  Change  of  Shape  in  Arched  Floors.    C.  Bach.    (48)  Dec.  23. 
Compound  Girders.    A.  Schneider.    (53)  Serial  beginning  Nov.  24,  ending  Dec.  8. 
The  Crushing  Resistance  of  Brick  Masonry.    F.  v.  Emperger.    (831  Dec.  1. 
General  Structural  Details  of  the  New  Rapid  Transit  Tunnel  Riulway.    (13)  Dec.  14. 
Armored  Treasure  Vault,    (la)  Dec  29. 
Reconstructing  a  Trussed  Roof.    (14;  Jan.  6. 
Ventilation  and  Heating  of  a  Baltimore  Schoolhouse.    (14)  Jan.  6. 
Heating  of  Car  Houses.    (17)  Jan.  6. 

A  Low-Pressure  Gravity  Heating  Apparatus  In  a  Schoolhouse.    (14)  Dec.  16. 
L' Entrepot  Reel  dea  Sucres  Indigenes  du  Port  de  Dunkerque.    Alfred  Boudon.    (ss) 

Dec.  28. 


La  Tunnel  de  Turchino  sur  la  Ligne  de  G^nes-Ovada-Asti.    (33)  Dec.  23. 

Hotel  de  la  Caisse  d'  Epaigne  &  Saint  Florentin.    J.  Boussard.    (35)  Dec, 

Entree  Monumentale  de  la  Place  de  la  Concorde,  Exposition  de  1900.    Alfred  Boudon. 


Topoirraphicai. 

The  Llppincott  Planimeter.    Prof.  A.  G.  Greenhill.    (la)  Dec.  22. 

Hints  upon  Transit  Surveys  and  the  Avoidance  and  Cnecking  of  Errors.  E.  Shennan 
Gould,  M.  Am.  Soc.  C.  E.    (13)  Jan.  4. 

Water  Supply. 

The  Appraisal  of  Water  Powers.    (14)  Dec.  16. 

Principles  anl  Conditions  of  the  Movements  of  Ground  Water.    (13)  Dec.  28. 

Completing  the  Abandoned  Aqueduct  Tunnel  at  Washington,  D.  C.    (13)  Dec  28. 

The  Dresden  Water- Works.    James  H.  Fuertes,  M.  Am.  Soc.  C.  E.    (14)  Dec.  80. 

Water  Supply  and  Purification  Works  at  Parkville  and  Bethany,  Mo.  Wynkoop  Kier- 
sted.  M.  Am.  Soc.  C.  E.    (13)  Dec.  14. 

Water  Purification  by  Means  of  Ozone.    J.  Wauselin.    (k6)  Nov.  25. 

Reinforcement  of  the  Walls  of  the  Kansas  City  Settling  Basins  and  the  Use  of  a  Coag- 
ulant to  Aid  Clarification.    Wynkoop  Klerst^d,  M.  Am.  Soc.  C.  E.    (13)  Jan.  4. 
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Water  Supply— (Continued). 

Test  of  Two  Ten-Million  Gallon  Pumping  Engines  at  St.  Louis.    (14)  Dec.  16. 

The  Location  of  Pipe  Obstructions  by  Sound.    (i4>  I>ec.  80. 

The  Incrustation  of  Iron  Pipes.    (14)  Dec.  30. 

The  Action  of  Water  on  Lead,  Tin  and  Zinc  Service  Pipes.    (13)  Jan.  4. 

Electrolysis  of  Cast-Iron  Water  Mains.    Prof.  Lucien  I.  Blake.    (a7)  Dec.  16. 

A  Concrete- Asphalt  Reservoir  Lining.    (14)  Dec.  16. 

Covered  Reservoirs.    (14)  Dec.  80. 

The  Assouan  Dam.    (13)  Dec.  28. 

The  Utilization  of  the  Nile.    (14)  Dec.  30. 

Irrigation  Works  in  the  Jeypore  State,  Rajputana,  India.    C.  E.  Slotherd.    (63)  Part 

An  Unusual  Method  of  Transmitting  Power.    (13)  Dec.  88. 

Some  Old-Time  Water  Wheels.    William  Wallace  Christie,    f  13)  Dec.  21. 

A  Large  Steel  Penstock  under  Heavy  Pressure  at  Cadyville,  N.  Y.    (13)  Jan.  4. 

The  St.  Lawrence  Power  Plant.    (14)  Jan.  6. 

Waterways. 

Discharge  Measurement  of  the  Niagara  River  at  Buffalo,  N.  T.    (13)  Dec.  28. 

The  Lake  Erie  Regulating  Weir.    (14)  Jan.  6. 

Report  of  the  Deep  Waterways  Board  on  the  Regulation  of  the  Great  Lakes.  (13) 
Jan.  4. 

The  Regulation  of  the  Elbe  between  Hamburg  and  Nieustedten.    (si )  Dec.  16. 

Sluices  of  the  Betwa  Canal-Head  and  Weir.    R.  Macalister.    (63)  Rirt  iv. 

The  Nicaragua  Canal  in  its  Military  Aspects.    Capt.  L.  D.  Green.    (44)  Jan.,  1900. 

Harbor  Works  at  Otani,  Japan.    (11)  Dec.  15. 

Buenos  Ayres  Harbor  Works.    J.  M.  Dobson.    (63)  Part  iv. 

Steam  Dredger  DevolarU.    (la)  Dec.  29. 

Hydraulic  Dredger  (Bate>s  System)  for  the  Russian  Government.  (11)  Serial  begin- 
ning Dec.  15,  ending  Dec.  29. 

Le  Phare  de  Raz-Tina  (Tunisie).    (35)  Dec.  4. 
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Part  I.  A  Treatise  on  Non-Metallic  Materials  of  Engineering;  Stone, 
Timber,  Fuel,  Lubricants,  etc.  Part  II.  A  Treatise  on  Iron  and 
Steel.  By  Robert  H.  Thurston,  M.  Am.  Soc.  C.  E.  Part  I,  Fifth 
Revised  Edition.  Part  II,  Seventh  Revised  Edition.  Cloth,  9x6 
Ins.,  illus.  New  York,  John  Wiley  &  Sons,  1898-99.  Part  I,  $2.00; 
Part  II,  33.50. 

The  subjects  covered  by  these  volumes  are:  Part  I  —Stones  and  Cements;  Stren^h 
of  Timber,  Adaptations,  Preservations;  Fuels;  Lubricants;  Leather.  Belting?.  Paper, 
Rubber,  Cordage.  Part  II.— Qualities  of  the  Metals;  History,  l^rinciples.  Materials  of 
Metallurfcical  Work;  Historical  Sketch  of  Iron  Manufacture;  The  Ores  of  Iron:  Reduc- 
tion of  Ores,  Production  of  Cast  Iron;  Manufacture  of  Wrought  Iron;  Manufacture  of 
Steel;  Chemical  andPhyHical  Properties  of  Iron  and  Steel:  Strength  of  Iron  and  Steel; 
Effect  of  Temperature  and  Time  on  Resistance:  SDeciflcitions,  Tests,  Inspection. 

Part  III,  which  treats  of  The  Alloys  and  Their  Constituents,  is  already  in  the 
Library. 

RULES  FOR  RAILWAY  LOCATION  AND  CONSTRUCTION 

Of  The  Northern  Pacific  Ry.  Co.  By  E.  H.  McHenry,  M.  Am.  Soc. 
C.  E.  (Published  by  Permission.)  Cloth,  7x4  ins.,  74  pp.,  3  plates. 
New  York,  Engineering  News  Publishing  Co.,  1899.    50  cents. 

The  Contents  are:  Construction  and  Enj^ineerin?  Departments;  Location;  Surveys 
and  Construction;  Traclc  and  Balla.st;  Bridges  and  Culverts;  Accounting  and  Miscel- 
laneous; Supplies. 
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Melville,  Geobob  Wallace 

Rear- Admiral,  Eng.  in  Chief,  U.  S.  Navy,  Washington, 

D.C Dec.  20,  1899 

Rowland,  Thomas  Fitch  r  iir  c     ♦    i    iqqa 

Pres.  The  Continental  Iron  Works,  Brooklyn,  J  ^:  °f  P'*  ^]'  ]lj^ 

N.  Y.,  Res..  329  Madison  Ave.,  New  York  City  (  ^^'^'  ^-  ^^^-  ^0.  1899 


MSMBEBS. 

Hook,  Chables  Addison 

14  Daily  Record  Bldg.,  Baltimore,  Md Jan.  3,  1900 

HovEY,  Otis  Ellis  /  A     *1  4    1894 

Eng.  in  charge  of  Office  of  Union  Bridge  Co.,  )  **-■*»  «'  ^^r^r. 

r^r,         n  ^  )  M.     Jan.  3,  1900 

Athens,  Pa. ( 

Knickbbbackeb,  John 

Prest.  &  Eng.,  Eddy  Valve  Co.  of  Waterford,  N.  Y.     Res., 

86  First  St.,  Troy,  N.Y  Jan.    2,1900 

LiPPiNCOTT,  Joseph  Bablow 

406  Byrne  Bldg  ,  Los  Angeles.  Cal Dec.    6,1899 

Palmes,  Fbedebick 

Dehri  Bridge,  Bengal,  India Oct.     4,  1899 

Stabbett,  Milton  Gebbt 

Chf.  Eng.  Metropolitan  St.  Ry.  Co.,  349  West  85th  St., 

New  York  City Jan.     3,  1900 

TuteinNolthenius.  Rudolph  Peteb  Johann 

Zutphen,  Netherlands Dec.     6.  1900 


associate  membebs. 

Allen,  William  Fbedebick 

24  Park  Place,  New  York  City Jan.    3,  1900 

Beblb,  Kobt 

Supervising  Architect's  Office,  Washington,  D.  C Dec.    6,  1899 

Cudwobth,  Fbank  Gbant 

Stewart  and  Bay  Ridge  Aves.,  Brooklyn,  N.  Y Jan.     3,  1900 

Flinn,  Alfbed  Douglas 

3  Mt.  Vernon  St.,  Boston,  Mass Deo.    6,  1899 

FasiTAa,  Joseph  Kendall 

166  Devonshire  St.,  Boston,  Mass Jan.    3,  1900 

Gudmundsson,  Gisli 

Room  317,  Telephone  Bldg.,  Pittsburg,  Pa Jan.     8,  1900 
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Date  of 
JoNSON,  Ebnst  Fbedbis  Membership. 

117  West  95th  St.,  New  York  City Jan.     3,  1900 

Sax,  Pebciyal  Mosley  J  Jun.  Jan.   31,  1893 

303  Hale  Bldg.,  Philadelphia,  Pa. I  Assoc.  M.  Jan.     3.  1900 

Tainteb,  Fbank  Stoke 

Far  Hills,  N.  J Jan.      3,  1900 

Wabman,  Fbed  Conovkb 

3225  Sixteenth  St.,  N.  W.,  Washington,  D.  C Jan.      3,  1900 

Wing,  Fbbdebick  Kellt  j  Jnn.  Mar.   31,  1892 

111  White  Bldg.,  Buffalo,  N.  Y I  Assoc.  M.  Nov.     1,  1899 


Blanchabd,  Abthitb  Hobage 

12  Mawney  St.,  Providence,  K.  I Jan.      2,  1900 

LiVSBMOBE,  NOBM AN  BaNKB 

Chf.  Eng..  San  Diego  Water  Co.,  San  Diego,  Cal Dec.     6,  1899 

McEeeveb,  Wiluah 

106  East  28th  St.,  New  York  City Jan.      2,  1900 

Bichabdson,  John  Fbancis 

Asst.  City  Engineer,  New  Orleans,  La Oct.      3,  1899 

Towne,  Joseph  Minott 

64  WalmitSt.,  East  Orange,  N.  J Dec.     5,  1899 

WniHELM,  Jerome  Fbedrioe 

Engineering  Corps,  G.  E.  &  L  By.,  G  and  Ba;)ils,  Mich.  Jan.  .  2,  1900 
WuiSON,  Percy  Habtbhobnb 

21li  Market  St ,  Camden,  N.  J Jan.      2,  1900 


RESIGNATIONS. 

mbmbebs.  Date  of 

Resignation. 

Bates,  Chables  Jabvis Dec.    31,  1699 

DoDOE,  Richard  Despabd  Deo.   31,  1899 

Habibon,  Eichabd  Moblky  Dec.   31,  1899 

Scott,  Abthub  Hillman Dec.   3 1 ,  1899 


Hobton,  Thomas  OsBOBN Dec.   31,1899 

Robinson,  Henby  Hollisteb Dec.   31,1899 


DEATH. 

Moftet,  James  David Elected   Associate  Member  Nov.  4th,   1891 ; 

Member  Feb.   7th,    1894;    died    Nov.   3d, 
1899. 
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THE  FOUNDATIONS  OF  THE  NEW  CROTON  DAM. 


By  Ohablbs  S.  Gowen,  M.  Am.  Soc.  0.  E. 
To  BE  Pbesented  Febbuabt  21st,  1900. 


In  1883  the  Legislattire  of  the  State  of  New  York  passed  an  Act 
(Chapter  490,  Laws  of  1883)  creating  the  Aqnednct  Commissioners  of 
the  City  of  New  York. 

The  purpose  of  this  Act  was  the  immediate  increase  of  the  water 
snpply  of  the  city  which,  under  the  conditions  then  prevailing,  had 
for  some  time  been  inadequate  and  inefficient.  To  this  end  it  was 
planned  to  begin  the  construction  of  a  new  aqueduct  and  a  large  dam 
on  the  Croton  Biver,  the  latter  near  to  and  above  the  site  of  Quaker 
Bridge,  at  a  point  about  4  miles  below  the  old  Croton  Dam  which  had 
been  in  use  since  1839.  This  new  dam,  it  was  reckoned,  would 
increase  the  available  storage  by  about  32  000  000  000  galls.,  and,  if 
construction  were  begun  immediately,  could  be  put  to  practical  use, 
in  connection  with  the  New  Aqueduct,  not  long  after  the  completion  of 
the  latter,  the  work  of  which  was  planned  to  continue  at  the  same  time. 

The  Aqueduct  Commissioners  began  the  construction  of  the  New 
Aqueduct  in  the  fall  of  1884,  but  found  a  strong  opposition,  on  the  part 
of  a  few  influential  citizens,  to  the  project  of  the  dam.     This  opposi- 


NoTB.->The8e  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 

respondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 

sent  by  mail  to  the  Secretary.    Discussion,  either  oral  or  written,  will  be  published  in  a 


subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Tranaactions. 


Digitized 


byGoogk 


Papers.]  QOWEN  ON   FOUNDATIONS  OF   NBW  CROTON   DAM.  3 

tion  resulted  in  an  indefinite  delay  in  action  on  the  part  of  the  Com- 
missioners, so  far  as  the  large  dam  was  concerned,  but  they  ordered 
the  constmction  of  a  smaller  dam  and  reservoir  near  the  head  waters 
of  the  East  Branch  of  the  Croton,  at  the  Village  of  Sodom,  early  in  1888. 
This  action  reversed  the  origincd  plans  for  the  enlargement  of  the 
water  supply  which  were  to  build  the  large  dam  and  basin  at  first 
and  with  as  much  speed  as  practicable,  and  later  to  complete  the 
oenvoroatton  of  all  the  storage  capacity  of  the  Croton  Valley  by  ^ 
building  the  smaller  dams  and  reservoirs,  of  which  the  dam  at  Sodom 
was  one. 

In  July,  1888,  a  new  Board  of  Aqueduct  Commissioners  came  into 
power.  They  found  a  steadily  increasing  demand  for  more  water,  and 
came  to  the  conclusion  that  it  was  best  to  continue  the  policy  of  build- 
ing the  smaller  dams  and  reservoirs  already  inaugurated  by  their  pre. 
decessors,  as,  owing  to  the  time  which  had  lapsed  (about  4  years), 
without  action  relative  to  the  proposed  large  dam,  it  was  impossible, 
even  by  taking  immediate  action  toward  its  construction,  to  complete  it 
in  time  to  afford  the  desired  relief  in  the  water  supply.  They,  therefore, 
ordered  the  construction  of  the  Carmel  Dams  (Reservoir  D)  and  the 
Titicus  Dam  (Beservoir  M),  as  well  as  the  completion  of  the  Sodom 
Dam  System  and  Beservoirs,  which  included  two  dams,  two  reservoirs 
and  a  connecting  tunnel.  The  construction  of  these  works  was  started 
as  soon  as  practicable,  and  further  investigations  were  authorized  in 
relation  to  the  proposed  large  dam,  in  order  to  determine  whether 
the  best  available  site  had  been  found. 

To  this  end  an  extensive  series  of  diamond-drill  borings  was  made 
along  the  valley  of  the  Croton  Biver  from  the  site  of  Old  Croton  Dam 
to  a  point  nearly  at  the  mouth  of  the  river,  about  1  mile  below  the 
old  Quaker  Bridge  site.  The  result  was  the  decision  of  the  Commis- 
sioners, in  January,  1891,  to  build  the  large  dam  at  the  Cornell  site,  a 
point  about  1^  miles  above  Quaker  Bridge,  and  so  situated  as  to  store 
nearly  as  much  water  as  would  have  been  stored  by  the  Qiiaker  Bridge 
Dam.  The  amount  of  storage  by  the  dam  if  built  at  the  Quaker 
Bridge  site  is  estimated  at  32  000  000  000  galls.;  at  the  Cornell  site, 
30  000  000  000  gaUs. 

In  connection  with  these  new  dams  and  storage  reservoirs  are  vari- 
ous older  dams  and  natural  lakes,  throughout  the  water-shed  of  the 
Croton,  which  have  been  in  use  for  the  city's  water  supply  for  many 
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years,  in  oonneotion  with  the  Old  Aqnednct;  and  the  total  storage 
capacity,  upon  the  completion  of  the  New  Croton  Dam,  will  be  as 
follows: 

Total  storage  in  connection  with  the  old 
works,  including  Central  Park,  Boyds 
Comers  and  Middle  Branch  Reservoirs . .     9  541  000  000  galls. 

Amawalk  Dam 7  000  000  000*    ** 

Beservoir  I,  Sodom  and  Bog  Brook  Reser- 
voirs       9  028  000  000      " 

Reservoir  D,  Carmel 9000000  000*    *« 

Reservoir  M,  Titicns. 7  167  000  000      «* 

New  Croton  Dam  Reservoir 30000000  000*    ** 

Jerome  Park  Reservoir 1500  000  000      ** 

73  23^000  000      ** 

As  the  large  reservoirs  within  the  city  territory  cannot  be  emptied 
below  certain  limits  without  impairing  the  supply,  the  available 
storage  capacity  may  be  stated  as  about  70  000  000  000  galls,  f 

The  construction  of  the  New  Croton  Dam  was  begun  in  October, 
1892,  the  contract  for  its  construction  having  been  let  the  preceding 
August.  At  the  present  time  it  is  about  two -thirds  completed,  and, 
as  a  general  description  of  the  structure,  embodying  its  main  features, 
is  essential  to  the  purposes  of  this  paper,  the  following  extracts  from 
the  "Report  pi  the  Chief  Engineer,  A.  Fteley,"  Past-President,  Am. 
Soc.  C.  E.,  **to  the  Aqueduct  Commissioners,  1887  to  1895,"  are 
reprinted  here,  as  they  seem  to  embody  the  main  points  and  important 
features  in  comparatively  few  words. 

"  The  New  Croton  Dam  at  Cornell  Site  which  is  to  form  the  largest 
reservoir  of  the  system,  on  the  lower  part  of  the  Croton  River,  was 
begun  in  October,  1892.  It  is  located  about  3}  miles  above  the 
junction  of  the  Croton  with  the  Hudson,  and  about  1  mile  above  Old 
Quaker  Bridge.  The  course  of  the  Croton  at  this  point  is  approxi- 
mately west. 

**  At  the  dam  location,  rock  (gneiss)  crops  out  at  the  surface  on  the 
north  side  of  the  river,  rising  with  a  steep  slope,  which  terminates  at 
the  top  of  a  hill  about  300  ft.  high.  The  bed-rock  on  the  north  side 
dips  qiiickly  just  before  reaching  the  bank,  and  soundings  show  it 
at  about  75  ft.  below  the  river-bed.     At  this  point,  on  a  line  about 

*  Approximate. 

t  Report  of  the  Chief  Engineer  to  the  Aqueduct  Commissioners,  18H7-1896,  p.  82. 
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parallel  to  and  under  the  river,  the  rock  changes  abruptly  from  gneisa 
to  limestone,  with  no  marked  change  of  surface  level.  The  limestone 
extends  across  the  valley  at  about  the  depth  noted  above,  with  some 
deeper  pockets,  and  then  rises  gradually  on  the  south  side  with  the 
earth  slope  and  below  it,  at  varying  depths,  to  a  depth  of  20  ft.  at 
the  extreme  south  end  of  the  dam  location. 

**  Under  the  river-bed  the  material  above  the  bed-rock  is  largely 
sand,  gravel  and  boulders.  Approaching  the  south  side  of  the  valley, 
very  compact  hardpan  and  gravel  next  to  the  rock  is  indicated.  The 
hardpan  is  surmounted  next  to  the  surface  by  a  considerable  layer  ol' 
sand  at  the  steep  part  of  the  slope.  Along  this  slope,  at  about 
elevation  153  runs  the  Old  Croton  Aqueduct.  The  total  distance 
across  the  valley  at  flow-line  (elevation  200)  is  about  1  300  ft.    ' 

*'The  general  features  of  the  dam  may  be  noted  as  follows: 

**An  overflow^  or  spiUway,  on  the  rocky  side-hill  forming  the  north 
slope  of  the  valley. 

'*  A  masonry  dam  built  on  bed-rock  and  extending  from  its  junction 
with  the  overflow  at  about  the  foot  of  the  north  slope  of  the  valley, 
across  and  well  into  the  south  slope,  where  it  ends  in  a  wing-irall  and 
core- wall  for  the  embankment. 

*'  An  embankment  with  a  core-wall  extending  to  bed-rock  from  the 
end  of  the  masonry  dam  up  and  along  the  south  slope  until  elevation 
220,  the  proposed  top  of  this  part  of  the  dam,  is  reached. 

V*  The  overflow  varies  in  height  from  150  ft.  at  its  junction  with  the 
main  dam  to  about  10  ft.,  where  it  joins  the  side-hill  at  the  upper  end. 
This  overflow  runs  along  the  side- hill  and  nearly  parallel  to  the  slope 
contours,  curving  up-stream  at  its  junction  with  the  masonry  dam. 
The  down-stream  face  of  the  overflow  is  to  be  formed  in  steps.  From 
the  spillway  the  water  is  to  fall  into  a  channel  cut  into  the  rock  of  the 
side-hill,  through  which  the  water  will  pass  on  its  way  to  the  river-bed 
below  the  dam.  This  overflow  channel  is  to  be  about  50  ft.  wide  at 
the  upper  end  and  125  ft.  wide  next  to  the  main  dam.  The  length  of 
the  overflow  will  be  nearly  1  000  ft.,  elevation  of  top,  196. 

**  The  masonry  dam  will  extend  from  bed-rock  to  elevation  210,  and 
provision  is  made  for  a  roadway  on  top,  18  ft.  in  width.  At  the  north 
end,  near  its  junction  with  the  overflow,  is  to  be  a  gate-house  of 
three  chambers.  Grooves  in  the  masonry  of  the  up-stream  face  will 
be  provided  for  stop-planks,  and  in  each  chamber  will  be  gates 
worked  from  the  top  of  the  dam,  connecting  with  a  48- in.  pipe.  The 
pipes  will  extend  through  the  dam,  ending  in  a  vault,  containing 
stop- cocks  to  further  control  the  flow  of  water.  It  is  expected  to 
place  the  lower  openings  in  the  gate-chambers  at  about  elevation  75, 
nearly  30  ft.  above  the  original  river-bed,  and  to  flU  in  this  interval 
with  earth,  forming  an  embankment  with  a  flat  slope  above  the 
restored  original  surface,  on  the  up-stream  side. 
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<<The  masonry  dam  will  be  about  ($00  ft.^  in  length  from  its 
junction  with  the  overflow  to  the  back  of  the  wing- wall  at  the  south 
end,  and  its  extreme  height  will  be  260  ft.  or  more,  as  the  soundings 
show  some  large  and  deep  depressions  in  the  rock  surface  below. 
Maximum  thickness  at  bottom  next  to  rock,  about  190  ft. 

**  The  embankment  extending  south  from  the  wing- wall  end  of  the 
masonry  dam  will  have  a  core-wall  extending  throughout  its  length, 
founded  on  bed-rock,  thus  forming  with  the  overflow  and  main  dam  a 
continuous  masonry  connection  with  bed-rock  throughout  the  whole 
length.  From  elevation  64  down  to  bed-rock  this  wall  is  to  be  not 
less  than  18  ft.  in  thickness;  from  elevations  64  to  200  the  wall 
gradually  diminishes  to  6  ft.  in  width  at  the  top.  The  elevation  of 
the  top  of  the  embankment  is  220;  width  at  top,  30  ft.  Up-stream 
slope,  2  to  1,  paved;  down-stream  slope,  2  to  1,  broken  with  three 
berms,  each  5  ft.  wide  at  different  elevations.  These  berms  will  be 
ditched  and  paved  to  carry  rain-water  from  the  slopes,  which  are  to  be 
.  soiled  and  sodded. 

**  The  Old  Aqueduct  is  discontinued  between  the  slope  lines  of  the 
embankments,  and  is  being  replaced  by  a  new  section  built  on  a  curved 
line  into  the  side-hill,  nearer  the  extreme  south  end  of  the  dam.  At 
the  junction  of  this  new  line  of  Aqueduct  with  the  core- wall  masonry, 
a  second  gate-house  will  be  built  for  the  purpose  of  connecting  the 
water  impounded  in  the  New  Reservoir  with  the  Old  Aqueduct. 

**The  gate-house  foundation  rests  on  bed-rock,  and  the  curved 
line  of  the  new  section  of  the  Aqueduct  was  designed  to  avoid  the 
deep  excavation  for  this  foundation,  which  would  have  been  neces- 
sary had  the  original  location  on  the  Old  Aqueduct  line  been  adhered 
to.  The  gate-house  is  drained  by  a  system  of  12-ij}.  pipes,  which  are 
connected  with  the  bottom  of  each  chamber  and  unite  into  one  pipe 
laid  under  the  invert  of  that  part  of  the  new  section  of  the  Aqueduct 
lying  on  the  down-stream  side  of  the  core-wall.  Near  the  junction  of 
the  New  Aqueduct  Section  with  the  Old  Aqueduct,  this  drain  pipe, 
after  a  short  turn,  emerges  in  the  adjacent  hillside. 

**  The  center  of  the  overflow  and  masonry  dam,  the  core- wall,  the 
gate-house  foundations,  the  side  walls  of  the  Aqueduct,  the  backing 
of  the  gate-house  chambers  and  inlet  conduits  will  be  built  of  rubble 
masonry.  The  overflow  will  be  faced  above  the  surface  of  the  ground 
with  coursed  facing-stones  cut  to  specified  rises.  On  the  down-stream 
side  the  steps  are  to  be  laid  with  block-stone  masonry  generally 
heavier  in  rise  and  width  than  the  facing- stone,  and  of  depth  su£Bcient 
for  a  bond  under  the  next  step  above. 


*  This  length  has  since  been  increased  to  710  ft. 
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'*  The  main  dam  and  the  onter  faces  of  its  gate-house  will  be  faced, 
wherever  exposed,  with  facing-stone  of  the  same  class  as  that  in  the 
overflow. 

''For  the  protection  of  the  deep  earth  excavation,  which  is  to 
take  place  in  the  bottom  of  the  valley  for  the  foundation  of  the  dam, 
the  river  is  diverted  from  its  bed  for  a  distance  of  over  1  100  ft.  For 
that  purpose  an  extensive  rock  cut  has  been  made  into  the  north  side- 
hill  and  the  river  has  been  turned  into  this  new  channel  **  (125  ft.  in 
width)  *'  which  is  formed  on  the  river  side  by  a  substantial  river- wall 
founded  in  rock. 

<*  This  wall,  parallel  with  the  old  river-bed  and  600  ft.  long,  is  con- 
nected at  both  ends  with  temporary  wing-dams  extending  across  the 
valley,  above  and  below  the  site  of  the  dam,  thus  making  a  complete 
inclosure,  inside  of  which  the  excavation  can  take  place  without  inter- 
ference from  the  river.  The  wing-dams  are  built  of  earth  with  a  tim- 
ber core  formed  of  two  thicknesses  of  plank  tongued  and  grooved, 
each  3  ins.  in  thickness.  The  timber  core  extends  to  a  depth  of  20  to  25 
ft.  below  the  natural  ground.  The  toe  of  the  dams  on  the  river  side 
is  formed  by  heavy  crib- work,  intended  to  break  the  force  of  the  cur- 
rent in  time  of  freshet.  The  toe  of  the  lower  wing-dam  is  further 
protected  by  sheet  piling  and  by  a  heavy  weight  of  rock  to  counteract 
the  erosive  action  of  the  large  flow  which  may  be  discharged  from  the 

new  channel  into  the  river  in  case  of  a  heavy  freshet. 

*  *  ****** 

''The  total  length  of  the  protective  work  just  described,  including 
the  river- wall  and  the  wing-dams,  is  1  600  ft.  The  capacity  of  the  new 
channel  has  been  designed  to  safely  accommodate  a  flow  equal  to  the 
largest  freshet  recorded  in  Croton  Biver  since  the  construction  of  the 
old  works,  when  the  discharge  was  approximately  15  000  cu.  ft.  per 
second." 

In  connection  with  this  description,  attention  is  called  to  Plate  I, 
which  is  an  outline  plan  of  the  structure  and  shows,  in  addition  to  the 
various  features  noted  above,  the  outline  of  the  excavation  necessary 
for  the  main  dam  foundation  masonry,  and  the  embankment  to  be 
built  against  the  core-wall  with  which  it  forms  the  south  end  of  the 
structure. 

Figs.  1  and  2  show  various  sections  of  core- wall  and  embankment, 
of  the  main  masonry  dam  at  various  points  and  the  maximum  sec- 
tion of  the  overflow  wall  where  it  crosses  the  temporary  river  channel. 

The  dam  was  designed  and  its  construction  is  being  superintended 
by  Mr.  Fteley,  the  Chief  Engineer.  He  was  assisted,  for  the  mathe- 
matical computations  necessary  for  determining  the  main  section,  by 
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E.  Wegmann,  M.  Am.  Soc.  C.  E.,  who  has  since  deyeloped  and  formu- 
lated the  methods  followed,  in  his  book  on  high  masonry  dams.* 

It  may  be  said  that  the  section  adopted  affords  a  factor  of  safety  of 
2  against  any  tendency  toward  the  overttirning  of  the  structure. 

The  work  of  construction  has  been  conducted,  from  its  inception, 
under  the  immediate  direction  of  the  writer. 

Since  the  foregoing  description  was  written,  the  protective  work 
has  been  completed,  substantially  as  outlined.  The  earth  and  rock 
excavations  for  the  foundations  have  been  finished;  the  foundation 
masonry  practically  all  laid,  excepting  a  short  stretch  of  the  overflow 
which  is  to  cross  the  river-channel  cut  and  join  the  long  stretch  of 
overfall  foundation  masonry  already  laid.  The  length  of  this  remain- 
ing stretch  is  about  250  ft.  In  the  progress  of  the  above  work  the 
section  of  the  main  dam  masonry  was  carried  about  110  ft.  further 
into  the  side-hill  at  the  south  end  than  was  planned  at  first,  thus 
shortening  the  core-wall  and  embankment  section  by  the  same  distance, 
and,  owing  to  the  rise  in  the  bed-rock  surface  under  the  south  slope, 
decreasing  the  maximum  depth  or  height  of  the  core- wall  and  embank- 
ment considerably  from  that  of  the  original  design. 

Owing  to  the  character  of  the  limestone,  which  rendered  deep 
excavation  necessary  at  certain  points,  the  extreme  height  of  the 
masonry  dam  will  range  from  Elevation — 80,  the  lowest  point  reached 
in  the  foundation  excavation,  to  Elevation  210,  a  total  of  290  ft.  For 
the  same  reason  the  extreme  thickness  of  the  main  dam  masonry  at 
the  toe  is  about  200  ft. 

BOBINOS. 

The  final  location  of  the  New  Croton  Dam  resulted  from  the  indi- 
cations furnished  by  an  extensive  series  of  diamond -drill  borings, 
during  which  the  Croton  Valley  was  explored  thoroughly  along  the 
line  of  the  river  from  an  old  mill  at  the  head  of  tide  water,  about 
three-quarters  of  a  mile  below  Quaker  Bridge,  to  Old  Croton  Dam,  a 
distance  of  about  5  miles.  The  general  system  for  determining  upon 
the  position  of  the  borings  proposed,  was  as  follows:  "Whenever  the 
appearance  of  the  surface  seemed  to  be  favorable  a  number  of  drill 
holes  were  made  on  a  line  parallel  with  the  river,  and,  if  one  of  them 
gave  indication  of  the  proximity  of  bed-rock  to  the  surface,  a  trans- 
verse line  of  holes  was  drilled  across  the  valley  at  that  point. 

*  ''High  Masonry  Dams,''  by  £.  Wegrmann,  Jr.,  M.  Am.  Soc.  C.  E.,  New  York,  John 
Wiley  &  Qohb,  1891. 
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Iq  this  way  a  large  number  of  transverse  lines  was  drilled,  and  it 

,  was  found  almost  invariably  that  wherever  the  bed-rock  cropped  to  the 

surface  on  one  side  of  the  valley  it  dipped  down  sharply  on  the  other 

I    side  to  a  depth  at  which,  in  most  cases,  it  would  be  impracticable  to 

establish  a  foundation.     As  a  rule,  gneiss  was  found,  but  at  various 

points  on  either  side  there  are  formations  of  limestone  with  clearly 

/      defined  points  of  separation  which,  in  some  cases,  were  under  the  bed 

*  '  of  the  stream. 

Several  of   the  more   favorable    locations   thus   indicated    were 
explored  more  particularly  by  a  number  of  transverse  lines  of  holea 
t  about  100  ft.  apart,  and  when  the  present  established  location  was 
^^  iK^      finally  determined  upon,  additional  borings  were  made,  to  cover  the 
■oi^    J.     '  I  site  of  the  masonry  structure,  at  intervals  of  50  ft.     Plate  3  shows  the 
j   location  and  result  of  these  borings,  as  well  as  the  outline  of  the  pro- 


=«-K^ 


a^j  ,  posed  foundations.  It  will  be  seen  that  there  were  in  places  indica* 
'^'y  tions  of  a  considerable  depth  of  soft  white  rock  (partly  disintegrated 
'  ^  ^  limestone),  before  the  hard  rock  was  reached,  extending  in  one  case 
to  an  extreme  of  nearly  40  ft.  The  holes  drilled  in  the  rock  were,  aa 
a  rule,  2  ins.  in  diameter,  and  were  carried  to  a  depth  presumably 
sufficient  to  establish  the  character  of  the  rock  below.  The  hard  white 
rock  sought  for,  and,  as  a  rule  found  before  the  borings  ceased,  was 
mostly  bluish  limestone,  while  the  soft  white  rock  varied  in  its  texture 
from  white  limestone,  friable  under  some  pressure,  to  very  friable  or 
wholly  decomposed  rock.  The  line  of  separation  between  the  lime- 
stone and  the  gneiss  was  shown  to  be  directly  under  and  parallel  to 
the  river-bed.  The  borings  indicated  further,  the  presence  of  seams, 
more  or  less  open,  in  the  limestone,  and  the  frequent  reports  of  the 
sudden  loss  of  the  water  [i.  e.,  the  water  supplied  by  the  steam  pump 
to  wash  out  the  holes  as  the  borings  progressed)  showed  that  these 
seams  were  connected  in  places  with  rather  free  flowing  outlets.  Ab 
the  general  level  of  the  bed-rook  was  at  Elevation  — 26,  or  about 
75  ft.  below  the  river,  and  as  the  water  table  in  the  sand  and  gravel 
above  this  bed-rock  was  substantially  the  same  as  the  river  level, 
.  it  is  perhaps  a  question  of  some  interest  as  to  how  and  where 
this  disappearing  stream  went,  and,  in  case  of  its  reappearance, 
what  were  the  causes  which  may  have  led  to  it.  Copies  of  the 
drill  runner's  log,  which  follow,  show  the  records  of  Holes  Nos.  95 
and  99. 
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These  fnmish  two  illnstrationB  ont  of  a  number  of  cases  in  which 
the  water  disappeared  and  reappeared  after  an  interval.  Hole  No. 
99  is  especially  noticeable,  as  the  final  disappearance  of  the  water 
did  not  occfLr  antil  the  drill  had  reached  its  lowest  level,  Eleva- 
tion —76.80. 


Hole  No.  96.— Elevation  of  Jack  Plank 71 . 9 

**  Gronnd 69.6 


Date. 

1808. 

Sfaterial.* 

Depth,   be- 
low Jack 
Plank. 

Remarks. 

April  80. 
*^      81. 
"      88. 

S.  &  B. 

7.88 
87.60 

Broke  casing;  third  joint  up  88.85. 
Pulled  out;  got  hack  to          28.86. 
X  bit  10  ins.  helow  shoe. 

Don't  stand  up;  fills  in. 

44                            44                        (4 
14                            14                        44 

Very  little  flow  as  soon  as  X  bit  is  below  shoe. 
Very  little  flow  as  soon  as  X  hit  is  below  shoe. 
Stands  up  and  flUs  in;  can  pound  down;  stands 

up;  no  flow. 
Stands  up  and  fills  in;  can  pound  down;  stands 

up;  no  flow. 
Stands  up  and  flUs  in;  can  pound  down;  stands 

up;  no  flow. 
Fills  in  very  bad;  cannot  get  powder  down. 
Stands  up  good. 
-28.97  top  of  soft  white  rock. 
-32.95 1  think  this  is  fine  sand;  the  floor  was  clear. 
No  core. 
Lost  flow. 

Flow  came  back;  no  core. 
The  rock  is  a  little  harder;  no  core. 
Not  hard  enough  to  core. 
^     "             "           "       yet;  no  core. 
Lost  flow. 

Not  hard  enough  to  core;  no  core. 
Commenced  to  core  -51.40. 
0.90. 
0.90. 
1.80  Elevation  of  water  in  casing  x  46.9. 

"       88. 

"       88. 
"       88. 
"       85. 
"       88. 
"       87. 
"       88. 
"       88. 
"       89. 
*•       89. 

"       80. 

May      8. 

*i               4 

*'         6* 
*k         6. 
**         6 
^*         6 

**         6* 

4k         A* 

Boulder. 
C.  8.  &  B. 

(i 
8.  0.  8. 

H.  8.  &  8. 

i( 

8.  W.  R.  &  Sand. 
8.  W.  R. 

It 

41 

H.  W.  R. 

»4 

88.36 
80.G0 
86.00 
48.85 
61.00 
66.00 
58.00 
60.00 
74.00 

79.00 

91.00 

94.00 
98.67 
100.87 
104.85 
105.90 
.     106.90 
IIO.CO 
111.00 
114.85 
118.85 
182.00 
128.95 
123.30 
184.55 
186.96 
130.85 

*  8.  &  B.      —Sand  and  boulders. 
C.  S.  &  B.— Coarse  sand  and  boulders. 
8.  G.  8.     —Sand,  gravel,  stones. 
H.  S.  &  S.— Hard  sand  and  stones. 
8.W.R.    —Soft  white  rock. 
H.  W.  R.  —Hard  white  rock. 


"  This  hole  is  the  same  as  Hole  No.  88;  stands  up  very  good,  but  could  not  go  far 
4>elow  the  shoe,  the  flow  would  go  away.  The  rock  from  elevation  —88.97  —51.40  was 
very  soft,  but  stood  up  very  good,  and  did  not  cave  in,  if  it  had  I  could  not  have  drilled 
so  far  down.    W.  J.  S.    (Signed)  Tlerney,  Foreman." 
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it 

"  Ground 70.0 

Date. 

Material.* 

Depth,   be- 
low Jack 
Flank. 

Remarks. 

1808. 

May    19. 

S.&8. 

16.00 

Moved,  set  up,  down  to  15.00. 
Loose  fine  sand  and  no  flow. 

»'       80. 

F.  S.  &  8. 

86.60 

"      80. 

u         20 

C.  S.^&  8. 

48.86 
51  00 

Stands  up  good,  flow  came  back. 

"       88! 

" 

58:00 

44                                   4i                                   li 

'*       88. 
''       84. 

8.G.&8. 

4i 

64.60 
78  00 

Telescoped  with  4-In.  casing  to  38.60. 

8i-ln.     " 
Fills  In  bad. 

"       86. 

" 

TttioO 

"       88. 

it 

88.00 

"       87. 

*' 

91.60 

*' 

»»       88. 
"       80. 

'* 

95.00 
97.50 

Stands  up  good,  very  stony. 

June     1 . 

*' 

90.58 

Top  of  8.  W.R. -87.88. 

1. 

8.  W.  R. 

100.80 

'*        1. 

*' 

106.0 

Put  in  diamond  bit 

1. 
1. 

w 

104.9 
108.4 

No  core. 

8. 

** 

114.1 

8. 

44 

181.8 

8. 

44 

185.9 

8. 

** 

188.8 

8. 

" 

180.6 

Commenced  to  core  -«.80. 

8. 

H.  W.  R. 

181.6 

0.60  core. 

8. 

8.  W.  R. 

188.6 

No  core. 

8. 

187.60 

No  core.    (—65.8). 

8. 
8. 
8. 

H.  W.  R. 

140.40 
148.00 
148.60 

1 .70  core,  commenced  to  core  —68.8. 
0.60    " 
0.40    " 

44 

6. 

44 

146.60 

0.85    " 

6. 

" 

147.60 

0.60    "    Lost  part  flow  147.8. 

*t        6. 

»4 

148.90 

0.75    " 

6. 

160.15 

0.60    "    Lost  all  flow  149.0. 

*S.  &  8.    —Sand  and  stones. 
F.  8.  &  8.— Fine  sand  and  stonee. 
C.  8.  &  S.— Coarse  sand  and  stonee. 
8.  G.  &  8.- Coarse  gravel  and  stones. 
8.  W.  R.  —Soft  white  rock. 
H.  W.  R.  —Hard  white  rock. 

'*■  June  8d.  Put  in  diamond  bit  at  108.0.  Commenced  to  core  at  180.50;  rock  was  not 
soft  like  mush;  could  not  turn  rods  down  with  the  tongs,  but  was  not  hard  enough  to 
core;  did  not  find  any  seams  or  soft  spots;  stood  up  good;  did  not  fill  in.  June  8d,  no 
seams,  no  soft  spots,  but  not  hard  enough  to  core.  X  Rock  in  Hole  99  was  hard  enough 
to  stand  up  but  did  not  core.  Did  not  find  any  soft  mushy  seams.  Conunenoed  to  core 
—58.8,  cored  to  —59.40,  hard  did  not  core  until  I  got  to  —68.80.  Then  I  picked  up  some  core 
all  the  way  down,  as  report  will  show,  lost  part  flow  —76.60.  Lost  all  flow  —76.80.  W.  J. 
Sager." 

Fig.  4, 5  and  6  are  three  sections  of  the  foundation  rock  on  which  the 
main  dam  is  built.  The  limits  of  hard  and  soft  rook  surface,  as  indi- 
cated by  the  soundings,  as  well  as  the  actual  surface  exposed  upon 
excavation  and  the  actual  surface  built  upon,  are  shown.  These  sec- 
tions are  interesting  as  a  comparison  between  the  possible  results,  as 
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shown  by  the  diamond-drill  work,  and  the  aotnal  resolts  obtained.  In 
a  general  way,  it  may  be  said  that  the  rook  was  found  to  be  mere 
broken  up  and  traversed  by  seams,  fissures  and  soft  streaks,  in  all  the 
Tarious  conditions  exhibited  by  limestone  ledges,  than  might  have 
been  expected  from  general  surface  indications  in  the  neighborhood 
and  from  the  borings  themselves.  To  a  certain  extent,  the  same  was 
true  of  the  gneiss,  the  surface  of  which  was  found  to  be  full  of  sHps 
and  seams  running  in  every  direction  between  hard  masses,  while 
extensive  pockets  and  seams  of  disintegrated  rock  of  considerable 


SECTION 


Fio.  4. 


width  had  to  be  removed  or  excavated  until,  in  the  case  of  the  seams, 
which  were  mostly  nearly  vertical,  they  narrowed  up  and  nearly  or 
quite  pinched  out. 

The  following  statement,  quoted  from  the  *'Beport  of  the  Chief 
Engineer  "  Mr.  Pteley,  to  the  Aqueduct  Commissioners,  1887  to  1896, 
is  given  here  in  explanation  of  the  fact  that  it  was  finally  decided  to 
build  the  dam  at  this  point,  although  at  the  time  the  decision  was 
made  all  facts  in  connection  with  this  location  had  not  been  devel- 
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oped,  and  its  superiority  to  other  sites  was  still  an  open  question, 
while  the  additional  borings,  made,  as  preyionsly  noted,  after  the  site 
had  been  decidedN  upon,  showed  no  more  encouraging  results  at  least 
than  those  made  earlier. 

<'No  very  favorable  location  was  found,  and  the  writer  reported  to 
the  Aqueduct  Commission  on  October  8th,  1890,  that  it  would  be 
advisable  to  abandon  for  the  present  the  Quaker  Bridge  site,  and  to 
build  a  dam  of  less  magnitude  a  short  distance  below  the  present 
Oroton  Dam  (see  Location  2,  Line  C,  on  Sheets  27  and  29).  Although 
the  reservoir  to  be  thus  formed  would  have  contained  an  available 


Fig.  5. 
storage  of  about  one-half  that  of  the  Quaker  Bridge  Reservoir,  the 
principal  reasons  given  in  favor  of  that  opinion  were: 

**  First. — That  the  storage  to  be  thus  obtained  would  be  sufficient 
for  many  years  to  come. 

**  Second. — That  the  height  and  cost  of  that  dam  would  be  much 
less,  and  that  it  could  be  built  in  less  time. 

**  Third. — That  the  experience  which  would  soon  be  acquired  of 
the  effect  of  the  large  storage  reservoirs  under  construction  on  the 
quality  of  the  water,  would  better  enable  the  authorities  in  charge  to 
ascertain  whether  it  would  be  of  good  policy  in  the  future  to  build 
the  higher  dam  or  to  resort  to  some  other  mode  of  increasing  the 
supply. 
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**  Fourth, — That  the  interest  of  the  money  thns  saved  for  the  present 
woold,  after  twenty-five  years,  represent  a  large  part  of  the  money  neces- 
sary to  then  build  the  higher  dam,  with  the  result  that  the  city  would 
then  have  two  dams  instead  of  one  for  nearly  the  same  expenditare. 

''The  report  also  mentioned  that  another  site  (the  Comeirs  site), 
not  then  fully  explored,  presented  good  features  and  should  be  further 
considered. 

"  The  Aqueduct  Commissioners  voted  to  adopt  the  last-mentioned 
site,  which  is  one  mile  and  a  quarter  above  Quaker  Bridge. 

''Boring^  made  subsequently  to  this  decision  disclosed  that  the 
rock  strata,  at  places,  were  found  to  be  at  a  greater  depth  than  was 
anticipated;  hence,  the  excavation  will  be  deeper  than  was  originally 
intended,  and  the  bulk  of  masonry  will  be  correspondingly  larger. " 


3^ 


Fio.  6. 


Pbotbctivb  Work. 
Plate  I  shows  the  general  plan  of  the  protective  work  designed  and 
built  for  the  purpose  of  enabling  the  deep  excavation  necessary  for 
the  main  dam  foundations  to  be  carried  on  with  the  smallest  chance 
of  interruption  from  floods. 

The  section  of  the  river  wall  which  separates  the  new  river  channel 
from  the  main  excavation  is  shown  by  Fig.  7.     This  wall  is  600  ft. 
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long,  and  is  built  on  the  underlying  gneiss,  care  being  taken,  through- 
out its  length,  to  make  its  bond  T^ith  the  foundation  rock  as  complete 
as  possible,  particularly  throughout  that  portion  which  comes  within 
and  forms  a  part  of  the  main  dam.  Throughout  this  section,  exca- 
ration  was  made  in  the  foundation  rock  to  a  considerable  depth  to  get 
below  open  seams  and  fissures,  and  during  its  construction  a  consid- 
erable portion  of  the  foundation  of  the  main  dam  overlying  the  channel 
cut  was  laid  up  to  the  grade  of  the  channel,  advantage  being  taken  of 
the  necessary  foundation  work  of  the  adjacent  river  wall  to  do  it. 

Fig.  7  shows  also  sections  of  the  upper  and  lower  earth  wing- 
dams  as  built,  and  their  position,  relative  to  the  main  excavation  cut, 
is  shown  in  Plate  I.  The  main  lines  of  3-in.  sheeting,  which  were 
relied  upon  as  the  water  stops,  were  carried  down  from  20  to  25  ft. 
below  the  original  surface.  As  most  of  the  material  in  which  this 
sheeting  was  placed  was  coarse,  loose  gravel  and  sand,  resort  was  had 
to  trenching,  with  sides  temporarily  sheeted,  and  the  permanent 
sheeting,  after  being  placed  in  position,  was  driven  by  heavy  hand 
mallets  down  an  additional  foot  or  two.  At  the  east  end  of  the  upper 
wing-dam,  however,  for  a  considerable  distance,  the  bottom  was 
found  to  be  of  quicksand,  and  the  sheeting  was  put  down,  through  a 
considerable  part  of  the  depth  reached,  by  means  of  a  water- jet  and 
heavy  hand  mallet. 

The  crib-work  is  designed  to  protect  the  embankment  toes  from 
the  great  erosion  to  be  expected  in  case  of  a  heavy  freshet,  while  the 
extra  sheeting  and  loading  of  stone  on  the  lower  wing-dam  crib  is  a 
still  further  protection  against  the  wash  of  the  discharging  channel, 
which,  in  extreme  cases,  might  be  strong  enough  to  displace  the 
loading  and  possibly  cause  a  slight  movement  of  the  cribs  which,  in 
such  cases,  are  so  planned  as  to  yield  measurably  outward  without 
materially  endangering  the  toe  of  the  embankment. 

While  the  river  channel  and  these  dams  are  designed  to  carry  in 
emergency  22  ft.  of  water,  or  more,  it  may  be  said  that  at  the  present 
writing  the  deepest  flow  experienced  through  the  channel  has  been 
about  11  ft.  This  was  due  to  a  warm  rain  of  3.6  ins.,  most  of  which  fell 
in  about  12  hours,  on  3  ins.  of  snow  lying  on  deeply  frozen  ground,  in. 
the  month  of  February.  From  this  it  is  easy  to  see  that  a  combina- 
tion of  circumstances  resulting  in  a  flow  which  would  tax  the  channel 
to  its  full  capacity  is  quite  possible. 
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Before  leaving  the  subject  of  the  protective  work,  attention  is 
called  to  the  somewhat  extensive  and  perhaps  seemingly  permanent 
character  of  its  design  and  construction.  This  work  involved,  in  the 
Gonstmction  of  the  river  channel,  an  earth  excavation  of  about  100  000 
cu.  jds.,  and  rock  excavation  of  about  106  000  cu.  yds.  The  river 
wall  and  wing-dams  include  in  their  construction: 

Earth  Excavation 8  500  cu.  yds. 

Vertical  Trench  Excavation 6  700    •*     " 

Refilling  and  Embankment 58  000    **     ** 

Rock  Excavation 4  000    "     " 

Timber 390  000  ft.  B.  M. 

Orib  Work 7  000  cu.  yds. 

Rubble  Masonry 10  000    **     ** 

Paving  and  Rip  Rap 2  000 


<(     <( 


While  the  cost  of  the  above  work  is  a  large  amount  (upwards  of 
$350  000),  its  proportion  to  the  total  cost  of  the  dam,  which  may 
amount  to  95  000  000,  is  not  excessive,  and  it  must  be  remarked  that 
a  considerable  portion  of  it  will  form  a  part  of  the  permanent  structure. 
It  seems  to  have  been  justified  on  account  of  the  very  efficient  protec- 
tion it  has  afforded  to  the  extensive  excavation  work,  both  of  earth 
and  rock,  and  the  foundation  masonry  work,  which  have  been  carried 
along  steadily  for  three  years  and  which,  in  the  case  of  the  masonry 
and  refilling,  must  continue  for  another  year  at  least  before  the  dams 
will  cease  to  be  necessary.  The  extreme  depth  of  the  pit,  in  which 
the  work  has  been  done,  below  the  river  bed,  is  130  ft. 

Eabth  Excavation,  Main  Dam  Foundation. 

This  work  involved  preparation  for  a  foundation  on  rook  extending 
from  about  Station  3  -|-  30  to  about  Station  10  -f-  00,  where  the  new 
river  channel,  formed  in  connection  with  the  protective  work,  is 
merged  into  the  foundation,  and  which  varies  in  width  from  about  200 
ft.,  at  the  lowest  point,  to  about  130  ft.  at  Station  10  +  00  and  140  ft. 
at  Station  3  -|-  30,  on  the  line  of  the  back  of  the  proposed  wing- wall 
(see  Fig.  3).  The  necessary  earth  excavation  covering  this  area  was 
about  885  000  cu.  yds.,  consisting  largely  of  loose  sand,  gravel  and 
boulders  with,  however,  at  the  south  end  of  the  pit,  a  large  area  of 
hardpan  excavation,  this  hardpan  forming,  to  a  considerable  extent. 
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the  slopes  at  this  end  of  the  excayation,  and  extending  in  depth  at  the 
extreme  south  end,  t.  e.,  the  point  of  junction  of  the  main  dam  masonry 
section  with  the  core-wall,  from  the  surface  of  the  bed  rock  to  about 
Elevation  130,  above  which  it  was  surmounted  by  loose,  fine  sand 
reaching  to  the  surface.  Figs.  4,  5  and  6  are  sections  indicating  at 
various  points  the  relative  positions  of  the  different  kinds  of  earthy 
material  which  had  to  be  moved,  and  the  south  end  slope  lines  to 
which  the  excavation  was  made.  In  the  case  of  the  gravel  and  sand, 
the  slopes  were  1^  horizontal  to  1  vertical,  and  in  the  hardpan  at  the 
extreme  south  end  ^  horizontal  to  1  vertical,  with  a  berm  about  half- 
way up  the  slope;  while  on  the  quarters,  where  the  depth  was  consid- 
erably greater,  the  slopes  and  berms  were  varied  somewhat,  as  the  end 
slopes  were  merged  into  the  side  slopes.  In  laying  out  the  slopes, 
consideration  also  had  to  be  given  to  the  fact  that  on  the  quarters,  at 
a  comparatively  low  elevation,  the  hardpan  was  underlaid  with  layers 
of  boulders  and  gravel  which  extended  to  the  bed  rock  as  it  dipped  in 
its  surface  between  Station  3  -f-  30  and  Station  5-4-00,  where  it 
reached  the  general  level  of  the  rock  in  the  valley  bottom.  These  earth 
slopes  were  all  planned  to  allow  for  a  toe  berm  of  20  ft.  in  width,  at 
the  rock  surface,  and  this  space  proved  to  be  necessary  and  useful  in 
further  operations  in  the  rock  bottom  below. 

The  slopes  stood  very  satisfactorily,  on  the  whole,  no  particular 
trouble  resulting  from  washing  or  sloughing,  in  case  of  the  gravel 
slopes,  so  long  as  surface  drainage  outside  the  pit  was  properly 
controlled.  In  the  case  of  the  hardpan,  steep  slopes  which  in  combi- 
nation with  the  sand  above  and  at  certain  points  with  sand,  gravel 
and  boulders  below,  were,  at  the  maximum,  150  ft.  in  height/  the 
only  trouble  experienced  was  during  the  open  winter  of  1897-98,  when 
successive  freezings  and  thawings  caused  the  slope  surface  to  slough 
off  in  successive  thin  layers  representing  in  thickness  the  depth  in 
each  case  to  which  the  frost  had  penetrated  since  the  preceding  thaw- 

The  maximum  width  of  the  pit,  from  the  top  of  the  up-stream 
slope  to  the  top  of  the  down-stream  slope,  was  about  600  ft.,  and  the 
largest  area  of  cross-section  excavation^  above  bed  rock  and  parallel 
to  the  trend  of  the  valley,  L  e.,  at  right  angles  to  the  dam  line,  was 
about  49  000  sq.  ft. 

Figs.  3, 4, 5  and  6  show  in  plan  and  section  the  crest  and  toe  lines  of 
the  slopes  and  the  location  and  elevation  of  the  berms  in  the  steep 
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slope  at  the  south  end  of  the  pit.  The  line  of  the  masonry  foundation 
is  also  indicated  and  its  connection  with  the  core- wall.  A  section  at 
137.5  li.,  in  Fig.  8,  shows  the  ordered  and  actually  excavated  slope 
in  the  hardpan  at  its  highest  point. 

A  very  large  amount  of  this  excavation,  lying  on  the  south  slope 
of  the  valley  and  above  the  level  of  the  river,  was  removed  by  steam- 
^shovels,  three  of  which  were  in  use  at  one  time.  The  iirst  work  done 
in  sinking  below  the  river  bed  was  by  means  of  a  large  **  orange  peel  " 
dredge,  specially  constructed  for  the  purpose  and  used  for  the  excava- 
tion of  the  loose  gravel  and  sand  until  the  near  approach  in  depth  to 
bed-rock,  and  the  necessity  of  beginning  rock  excavation,  demanded 
a  change  in  methods,  as  the  dredge  work  was  dependent  upon  a  certain 
depth  of  water  in  which  to  work  the  bucket  efficiently,  while  the  rock 
excavation  rendered  close  drainage  necessary.  For  the  further  prose- 
cution of  this  work  resort  was  had  for  some  time  exclusively  to  three 
cable-ways  stretched  across  the  valley  longitudinally  along  the  line  of 
the  dam  at  such  transverse  intervals  as  to  cover  the  plan  of  founda- 
tion. These  cables  were  installed  for  the  purpose  of  aiding  the  earth 
and  rock  excavation  and,  ultimately,  for  taking  in  stone  and  other 
material  for  the  dam  masonry.  They  were  used  for  some  time  in 
connection  with  the  dredge  above  mentioned,  and  were  in  turn  supple- 
mented, when  the  rock  excavation  work  assumed  large  proportions 
and  there  was  considerable  earth  work  remaining,  by  railway  inclines 
placed  successively  at  different  points  on  the  side  slopes  and  worked 
by  means  of  stationary  hoisting  engines  and  cables. 

With  the  use  of  railway  inclines,  steam-shovels  were  again 
operated,  and  a  large  amount  of  coarse  indurated  gravel,  lying  just 
above  the  bed  rock  at  the  north  end  of  the  main  cut,  was  thus  exca- 
vated, and,  as  the  excavation  progressed  toward  the  south  end  of  the 
out  and  the  hardpan  was  reached,  it  was  removed  almost  wholly  with 
the  aid  of  heavy  steam-shovels,  although  the  slope  trimming  at  the 
south  end  and  on  the  quarters,  and  some  bottom  cleaning  up  on  the 
rock  surface,  had  to  be  done  by  hand  with  the  aid  of  skips  and  derricks. 

Fig.  1,  Plate  II,  shows  a  part  of  the  river  wall  and  lower  wing-dam, 
and  the  progress  of  the  main  dam  excavation  to  September,  1895. 
The  large  pit  shown  was  excavated  mainly  by  means  of  the  dredge, 
shown  on  the  extreme  right,  with  -considerable  assistance  from  the 
cableways,  for  which  the  material  was  excavated  by  hand  into  large 
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scale  pans,  and  hoisted  and  transferred  to  the  foot  of  the  heavy  slope 
shown  in  the  rear,  where  it  was  dumped  into  cars.  The  levels  above 
the  pit,  shown  in  Fig.  1,  Plate  n,  were  excavated  with  steam-shovels, 
and  later,  as  farther  progress  was  made  into  the  hard  material  of  the 
great  slope  at  the  south  end  of  the  cut,  steam-shovels  were  again  placed 
at  a  lower  level  in  the  pit  and  the  inclines  were  used  as  mentioned 
previously.  Fig.  2,  Plate  IJ  shows  more  particularly  the  steep  slopes- 
m  the  hardpan  as  finally  shaped,  and  Fig.  9  shows  in  a  more  general 
way  the  side  slopes,  but  at  some  time  after  the  excavation  was  com- 
pleted, when  a  small  amount  of  back-lilling  had  been  done.  Alsoy  at 
this  time,  cuts  had  been  made  in  the  side  slopes,  forming  berms  on 
which  side  tracks  were  laid,  to  furnish  supplies  for  the  foundation 
masonry.  Fig.  2,  Plate  II,  shows  particularly  the  hardpan  slopes 
(i  horizontal  to  1  vertical)  and  berms  at  the  south  end  and  on  the 
quarters,  as  well  as  the  underlying  rock  bottom  excavated  for  the 
foundation  masonry. 

Cobe-WaMi  Excavation. 

The  core- wall  extends  from  the  south  end  of  the  main  dam  for  a 
distance  of  about  430  ft.  into  the  side  hill.  Its  general  section  and  the 
cross-section  of  the  trench  excavated  for  it  are  shown  in  Fig.  1.  The 
maximum  width  and  height  of  this  wall,  which  occurs  at  its  junction 
with  the  main  dam  masonry,  are,  respectively,  18  ft.  and  176  ft.  The 
material  excavated  for  the  wall  was  hardpan  above  the  limestone  foun- 
dation up  to  within  a  depth  from  the  original  surface  varying  from  24 
ft.  to  8  ft.  Above  this  hardpan  were  gravel  and  sand.  The  general 
extent,  as  well  as  depth  of  excavation  for  this  wall,  together  with  the 
line  limiting  the  top  of  the  trench  excavation,  are  shown  on  the 
profile.  Fig.  8. 

The  trench  walls  were  vertical,  the  sustaining  power  of  the  hard- 
pan  allowing  the  sheeting  and  bracing  to  be  done  after  the  completion 
of  the  successful  levels  excavated,  which  levels  varied  from  6  to  12  ft. 
in  height  or  depth,  according  to  the  depth  of  the  section  of  trench 
then  under  excavation.  As  stated,  the  hardpan,  throughout  the 
length  of  this  trench,  extended  to  the  rock  foundation,  which  showed 
considerable  variation  in  hardness  and  texture,  and  called  for  excava- 
tion of  considerable  depths  below  the  rock  surface  in  certain  placea 
before  compact  layers  of  sufficient  hardness  were  found.    Fig.  1,  Plate 
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m,  shows  the  rock  bottom  ready  for  the  masonry  of  the  core-wall,  as 
well  as  the  sheeting  and  sides  of  the  trench  for  a  certain  distance  np, 
at  Station  1  -|-  80,  150  ft.  from  its  junction  with  the  main  dam.  At 
this  point  the  rock  was  sufficiently  compact  and  of  necessary  bearing 
strength,  alfchongh  not  yery  hard,  and  the  steps  shown  in  the  inclined 
surface  of  this  foundation  were  made  with  picks  and  shovels.  The 
depth  to  which  the  rock  was  excavated  varied  from  4  to  7  ft. 

The  width  of  the  trench  is  measurably  greater  than  the  thickness 
of  the  core- wall,  and  the  difference  was  liberally  planned  in  order  that 
there  should  be  no  difficulty  in  finding  working  room  at  the  bottom  of 
the  trench  to  remove  the  bracing  and  sheeting  after  the  masonry  foun- 
dations of  the  wall  were  started.  It  also  gave  proper  opportunity  to 
place  the  refilling;  which  was  of  the  same  material  as  had  been  exca- 
vated, and  was  placed  very  carefully  in  layers  varying  from  2  to  4  ins. 
in  thickness,  and  thoroughly  rammed  by  hand.  Advantage  was  also 
taken  of  this  extra  width  to  widen  the  footing  or  lower  courses  of  the 
core- wall,  thus  increasing  the  bearing  surface  in  certain  places  where 
the  rock  foundation  might  possibly  call  for  it,  and  the  section  shown 
in  Fig.  1  is  taken  at  one  of  these  points. 

As  to  the  thickness  of  this  wall,  which  it  will  be  noted  is  somewhat 
massive,  varying  from  6  ft.  in  thickness  at  the  top  to  18  ft.  at  the 
lowest  point,  it  may  be  said  that  the  wall  was  purposely  designed  not 
only  as  a  water-tight  screen  reaching  from  bottom  to  surface  between 
the  upper  and  lower  sections  of  the  enclosing  embankment,  but  also 
to  afford  a  substantial  resistance  to  any  overturning  or  crack-produc- 
ing force  which  might  be  caused  in  the  course  of  time  by  the  satura- 
tion of  the  up-stream  bank  and  its  consequent  increase  of  unit  weight. 

The  maximum  depth  of  sheeted  vertical  trench  excavation,  includ- 
ing the  depth  of  excavation  in  the  foundation  rock,  was  75  ft.  This 
point  was  at  Station  2-4-50.  At  this  point  the  top  of  the  vertical 
trench  was  27  ft.  below  the  original  surface  of  the  ground.  The  earth 
material  above  the  core- wall  trench  level  was  excavated  by  steam- 
shovel;  below,  in  the  trench  proper,  it  was  excavated  by  pick  and 
shovel,  and  removed  by  derricks.  Black  powder  was  generaUy  used  in 
sinking  the  trench,  at  the  lower  levels  particularly,  to  loosen  the  hard- 
pan,  and  it  was  used  very  extensively  for  the  same  purpose  in  the 
main  cut,  both  for  facilitating  the  work  of  the  steam-shovels  and  for 
all  handwork  done  in  the  removal  of  hardpan. 
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QvEBFLow  Excavation. 

At  the  present  writing,  the  completed  overflow  foTindations, 
embracing  a  length  of  750  ft.,  extend  along  the  side  hill  on  the  north 
side  of  the  river  and  finally  abut  in  the  rock  of  the  hill  at  the  upper 
end. 

This  rock  foundation  is  entirely  country  rock,  or  gneiss,  and  the 
amount  of  superimposed  earth  was  not  large,  and  was  mostly  sandy 
loam  on  the  surface,  with  underlying  gravel. 

Fig.  8  shows  a  profile  of  the  earth  and  rock  excavation  as  well, 
and  on  Fig.  1  are  shown  representative  cross-sections,  indicating 
more  clearly  the  extent  to  which  rock  excavation  was  found  necessary 
to  insure  a  fairly  tight  bottom.  The  rock  was  full  of  seams  and  faults, 
and  considerable  depths  had  to  be  reached  at  certain  points  in  order 
that  open  seams  running  across  the  line  of  the  structure  might  be  fol- 
lowed until  they  pinched  out.  The  extensive  rock  excavation  in  the 
front  of  this  foundation  work,  shown  in  the  cross-sections,  was  neces- 
sary to  provide  the  waterway  leading  from  the  spillway  bottom  to  the 
old  river-bed  below  the  main  dam. 

Rock  Excavation  and  Foundation  fob  the  Main  Dam. 

As  stated  in  the  general  description  of  the  dam,  the  rock  on  the 
north  side  of  the  valley,  on  the  steep  side  hill,  cropped  out  at  points 
very  near  the  surface.  It  was  formed  of  gneiss,  considerably  fissured, 
but  generally  sound  after  reaching  a  certain  depth  in  the  ledge.  This 
gneiss  extended  to  the  line  of  the  old  bed  of  the  river,  where  its  depth 
below  the  surface  was  much  greater,  being  about  75  ft.  The  section 
under  consideration  was  found  to  be  well  broken  up  near  the  surface 
by  open  seams  of  considerable  width,  varying  from  2  to  3  ins.  in  cases. 
Such  seams  were  filled  with  earth,  and  extended  in  all  directions. 
There  were  also  some  strata  of  rock,  more  or  less  disintegrated. 
These  varied  from  1  to  3  ft.  in  width  or  thickness,  and  were  remov- 
able with  pick  and  shovel  for  some  depth  from  the  surface.  The  dip 
and  strike  of  this  rock  were  about  the  same  as  that  of  the  limestone 
beyond;  the  dip  being  nearly  vertical  and  the  strike  following  the  line 
of  the  valley  at  right  angles  to  the  dam. 

Under  and  beyond  the  river-bed,  the  character  of  the  rock  changes 
entirely,  being  composed  wholly  of  limestone.     The  two  rocks  were 
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separated  by  a  well-defined,  nearly  vertical  layer  of  shale,  black  in 
color,  especially  on  the  up-stream  side,  friable  on  the  surface,  but 
becoming  harder  a  few  feet  below,  particularly  on  the  down-stream 
half  of  the  foundation.  The  welding  of  the  two  main  rocks,  the 
gneiss  and  the  limestone,  with  the  shale,  appeared  to  be  quite  com- 
plete at  the  depth  of  excayation  finally  reached.  The  surface  of  the 
limestone,  from  the  point  of  junction  toward  the  south,  was  nearly 
level  for  a  distance  of  about  400  ft. ,  unfcil  it  reached  well  into  the  other 
side  of  the  valley,  where  it  rose  gradually  with  the  south  slope.  The 
limestone  varied  greatly  in  character  throughout  the  extent  uncovered. 
In  places  it  was  of  sufficient  compactness  and  water-tightness  to  answer 
for  the  foimdations  of  the  structure.  In  other  places  the  general  char- 
acter was  diversified  by  belts  of  varying  width  which  were  either  full  of 
eroded  seams,  through  which  water  was  found  to  flow  freely  when  exca- 
vation was  in  progress,  or  masses  of  stone  broken  up  by  seams  running 
in  all  directions,  which  were  filled  with  mud.  In  addition,  there  were 
other  well-defined  belts,  and  all  followed  the  general  dip  and  strike  of 
the  rock,  which,  in  the  case  of  the  dip,  was  nearly  vertical,  and  of  the 
strike,  at  right  angles  to  the  line  of  the  dam  following  the  valley. 
These  last  belts  were  of  partly  disintegrated,  finely  granulated  lime- 
stone; were  very  well-defined  and  at  the  surface  were  easily  removable 
with  the  pick;  and  grew  harder  and  more  compact  with  increased 
depth  of  excavation.  These  fissured,  eroded  and  granular  belts  seem 
to  form  three  distinct  classes  into  which  the  bad  features  of  this  lime- 
stone bottom  may  be  separated. 

The  different  fissures  developed  many  erosions  in  certain  cases  and 
were  found  at  various  points  through  the  limestone  stretch  of  the 
foundation,  being  larger  and  closer  together  as  the  junction  with  the 
gneiss  was  approached.  These  fissures,  while  well  defined,  were  of 
varying  widths,  developing  a  line  of  erosions  generally  through  very 
hard  limestone. 

As  an  illustration  of  the  eroded  seam,  one  case  developed  into  a 
cave  the  location  and  existence  of  which  wore  noted  by  tracing  a 
narrow,  horizontal  seam  in  the  rock  near  the  surface,  at  about  Station 
7  -f  70,  50  L. ,  along  the  strike  of  the  rock.  This  seam  was  in  fairly  solid 
rock,  and  clear  water  flowed  from  it.  As  the  excavation  along  the  line 
of  this  flow  toward  the  up-stream  side  of  the  dam  progressed,  there 
was  found  a  sharp  down  ward  dip,  and  the  flowin'g  stream  soon  required 
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Fig.  S.— May  86th,  1896.    Laying  First  Stone  in  Deep  Boc?k  Cijt. 

Digitized  by  CjOOQIC 


Digitized  by 


Googk 


Papers.]  GOWBN  ON  FOUNDATIONS  OF  NEW  OBOTON  DAM.  29 

for  its  management  a  subsidary  pump.  The  seam  enlarged  into  an 
erosion  filled  with  sand,  which,  as  it  was  followed,  developed  into  a 
cave  about  7  ft.  x  9  ft.  in  section.  This  led  under  a  heavy  mass  of 
solid  rock  to  and  beyond  the  up-stream  line  of  the  dam  founda- 
tion. Connected  with  it  were  found,  on  the  sides  and  in  the  roof,  other 
erosions  which  were  traceable  nearly  to  the  surface  of  the  rock  within 
the  limits  of  the  dam  foundation,  and  which,  on  the  up-stream  side, 
outside  face  limits,  in  one  case  penetrated  to  the  rock  surface,  where 
it  showed  as  a  narrow  and  somewhat  prolonged  fissure.* 

"While  all  the  eroded  fissures  showed  flows  of  water  of  varying 
degrees,  several  such  were  found  which  developed  into  strong  springs, 
of  which  special  care  had  to  be  taken.  One,  in  particular,  was 
found  as  the  excavation  in  the  rock  deepened,  limited  and  defined 
to  an  erosion  in  solid  rock  6  or  7  ft.  in  diameter  at  about  Station  6, 
near  the  up-stream  side.  The  flow  here  was  continuous  and  heavy, 
more  than  filling  the  10-in.  pipe  which  was  at  first  placed  to  receive  it, 
and  afterward,  as  the  spring  hole  was  welled  up  in  the  foundation 
masonry,  rising  with  this  masonry  and  in  the  pipes  which  were  at  the 
same  time  placed  in  connection  with  the  well,  to  a  height  of  90  ft. 
above  its  source  before  it  was  found  advisable  and  expedient  to  attempt 
to  fill  it  up  and  block  it  off".  A  particular  and  detailed  account  of  all  the 
operations  connected  with  this  spring  will  be  found  in  the  particular 
description  of  the  treatment  of  the  rock  bottom. 

As  to  the  granular  belts  referred  to,  the  excavation  in  them  was 
carried  down  until  the  surface  exposed  was  very  compact.  These  sur- 
faces were  afterward  tested  for  bearing  power  by  means  of  an  arrange- 
ment especially  designed  for  that  purpose  and  shown  in  Plate  20. 
Further  allusions  to  these  belts  will  also  be  found  later. 

In  limiting  the  extent  of  the  excavation  vertically,  the  end  aimed 
at  was  to  reach  rock  sufficiently  free  from  seams,  and  solid  enough  to 
afibrd  all  the  bearing  strength  necessary  to  sustain  the  superimposed 
masonry  and  resulting  pressure.  The  result  involved  a  very  large 
amount  of  deep  rock  excavation;  the  depth  in  one  place  being  50  ft. 
before  satisfactory  compact  rock  was  found.  It  is  not  assumed  that 
there  may  not  be  some  tendency  to  upward  pressure  through  some  of 
the  fissures  which  remained  after  the  excavation  was  completed,  but, 
as  will  be  described  later,  every  effort  was  made  and  every  precaution 
*  A  detailed  descriptloD  of  this  caye  will  be  found  further  od. 
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taken  to  fill  them,  and  it  may  be  conceded  that  shonld  upward  pressure 
occur  in  some  cases  it  must  be  reduced  to  the  very  small  area  pres- 
ented by  the  mouth  of  the  fissure  in  question  to  the  bottom  layer  of  the 
dam  masonry,  this  area  forming  a  very  small  proportion  of  the  greater 
area  against  which  upward  pressure  might  be  expected. 

As  to  the  possibility  of  percolation  under  the  dam,  that  question 
would  be  more  important  if  the  rock  bottom  were  exposed  to  the  direct 
contact  of  the  water  in  the  reservoir,  but  it  must  be  borne  in  mind 
that  from  the  lowest  point  of  the  foundation  of  the  main  dam  to  the 
top  of  the  back-filling  above,  there  will  be  a  compact  filling  of  about 
150  ft.,  in  this  particular  case,  which,  while  extreme,  is  not  different, 
excepting  in  the  great  depth,  from  the  condition  which  will  obtain 
along  the  whole  length  of  the  masonry  dam. 

This  question  of  possible  percolation  will  be  further  considered  in 
connection  with  the  chapter  on  "  Pumping." 

It  is  an  important  and  peculiar  fact  that,  throughout  the  rock  ex- 
cavation of  the  whole  foundation,  in  no  case  did  the  numerous  test 
holes,  drilled  in  the  vicinity  of  seams  and  erosions,  strike  any  openings 
in  seams  or  rock  which  were  not  easily  traceable  by  some  continuous 
natural  passage  to  the  surface  of  the  rock  under  preparation  for  the 
foundation.  In  other  words,  it  may  be  fairly  claimed  that  the  exist- 
ence of  all  open  seams  lying  within  12  to  16  ft.  of  the  dam  in  the 
various  bad  sections  are  traceable  from  natural  indications  at  the  sur- 
face. It  is,  therefore,  to  be  assumed  that  all  such  seams  were  found 
and  properly  noted.  A  reference  to  the  contour  plan,  Plate  IV, 
will  show  that  the  variations  and  character  of  the  limestone,  and  the 
necessary  excavation,  were  much  greater  nearer  its  junction  with  the 
gneiss  than  at  the  south  end,  where,  with  the  exception  of  a  few 
eroded  seams,  the  rock  is  uniformly  hard  and  compact,  and  required 
but  comparatively  little  excavation  at  the  surface.  It  would  seem 
that  at  some  time  the  disturbance  of  the  limestone  formation  must 
have  been  considerable;  the  greater  part  of  it  occurring  near  the  point 
of  junction.  From  developments  indicated  by  a  comparatively  small 
amount  of  excavation  in  this  part  of  the  limestone  foundation,  and  the 
fact  that  the  general  character  of  this  bottom  was  naturally  considered 
an  important  matter,  it  was  deemed  advisable,  during  the  excavation 
of  the  first  section  of  the  bad  rock,  which  lay  at  Station  8  +  ^»  ^^ 
consult  a  specialist  as  to  the  general  condition  in  which  limestone 
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ledges  might  be  expected  to  be  found  under  the  prevailing  conditions, 
and  Professor  Kemp,  of  Columbia  College,  was  consulted,  and  his 
attention  was  called  particularly  to  the  question  of  the  probable  ex- 
istence of  caves  and  similar  openings  under  the  general  rock  surface. 
The  following  is  his  report,   which  is  introduced  here  as  being  of 

interest  under  the  circumstances  : 

**  New  Yobk,  May  14th,  1896. 
*•  Mr.  A.  FTEiiET, 

**  Chief  Engineer,  Aqueduct  Commission. 
*'  Mt  Deab  Sib, — In  reply  to  your  letter  of  the  12th,  requesting  me 
to  report  also  upon  the  probable  condition  of  the  limestone  under  the 
site  of  the  dam,  I  append  the  following  to  my  report  of  two  days  ago. 
*'  The  limestone  is  undoubtedly  more  or  less  fissured  precisely  as 
is  the  gneiss  and  as  is  to  be  expected  in  regions  where  the  rocks  have 
been  upturned  to  a  vertical  position. 

"  Such  small  cracks  cannot  of  course  be  avoided  and,  I  understand, 
are  not  matters  of  serious  concern.  They  are  the  ones  that  now  show 
in  the  walls  of  the  pit  and  that  let  in  the  water  in  all  probability  from 
the  overflowing  water-soaked  sands  and  gravels. 

"  As  to  the  presence  of  large  caves,  several  feet  across  or  more,  and 
of  great  length.  I  am  of  the  opinion  that  their  existence  is  improbable, 
and  so  improbable  as  not  to  give  occasion  for  special  treatment.  I 
think  the  points  For  and  Against  them  may  be  stated  as  follows: 

'*  For. 

**  1.  The  r6ck  is  limestone,  and  caves  are  practically  limited  to 
limestone;  other  soluble  rocks  being  rare  with  us. 

"  2.  Mr.  Value  has  been  impressed  with  the  fact  that  the  water 
trickling  into  the  sump  has  diminished  as  the  pit  has  gone  deeper. 
The  inference  has  been  suggested  from  this  observation  that  the  water 
has  run  away  into  some  underground  cavity.  (See  further  under  5 
below.) 

"  A  third  point  is  stated  and  discussed  under  2  below. 

**  Against. 

"  1.  Caves  only  form  above  the  level  of  the  ground-water  or  well- 
water,  because  only  freshly  fallen  rain  is  sufficiently  charged  with  car- 
bonic acid  to  be  a  strong  enough  solvent  to  be  serious,  and  because 
only  water  in  this  situation  flows  rapidly  enough  to  produce  profound 
•  effects.  The  ground-water  stands  too  still,  and  too  soon  becomes 
saturated  with  lime,  to  be  effective.  The  present  position  of  the  rocks 
is  below  the  zone  at  which  caves  could  form,  and  it  is  practically  as- 
sured that  none  have  formed  since  they  assumed  this  position. 

''  2.  If  any  have  formed,  they  must  have  done  so  when  the  rocks 
stood  at  a  higher  position  and  above  the  ground-water.   We  all  believe 
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that  this  whole  region  was  muoh  elevated  dnring  the  Glacial  period, 
and  it  cannot  be  denied  that  conditions  may  have  been  favorable  at 
that  time.  Some  superficial  decay  apparently  took  place,  as  shown 
by  the  sandy  streaks  in  the  limestone,  bnt  after  this  time  a  strong 
stream  must  have  flowed  over  these  rocks  to  have  availed  to  deposit 
the  heavy  harden  of  sands  and  gravel  that  rest  upon  them,  and  if  any 
such  cavity  existed  near  the  surface  the  probability  is  strong  that  it 
has  been  packed  full  of  sand. 

<*  3.  The  rocks  stand  vertically,  and  all  underground  drainage  or 
circulation  mast  tend  to  follow  their  bedding  planes  much  more  than 
to  cross  them.  We  would  infer  from  this  that  any  cavity  would  be 
long  and  narrow  and  not  an  easy  thing  to  locate  with  a  drill. 

"4.  No  hollow  sound,  so  far  as  I  know,  has  been  noted  in  the  work 
in  the  pit,  when  picks,  drills  or  the  descending  boxes  from  the  cables 
have  struck  the  bed-rock. 

**5.  In  case  the  water  has  diminished,  as  observed  by  Mr.  Value,  I 
think  it  is  due  to  the  partial  exhaustion  of  the  neighboring  gravels, 
for  the  weather  has  been  dry  and  rainless  for  a  long  period,  rather  than 
to  any  cavities  nnder  the  bottom  of  the  pit.  Such  assumed  cavities, 
being  50  to  100  ft.  below  the  level  of  the  Hudson  Biver,  and  having 
stood  for  an  indefinitely  long  time  under  wet  gravels,  must  have  been 
long  since  filled  with  water. 

*'6.  All  the  experience,  so  far  as  I  know,  that  has  been  gained  in 
quarries  in  these  limestone  belts  in  New  York  and  the  neighboring 
parts  of  New  England,  has  shown  caves  to  be  extremely  rare.  An  as- 
sistant of  mine  has  recently  had  occasion  to  visit  every  one  of  them, 
and  he  only  met  one  small  cave,  which  was  at  Hastings.  Of  course 
there  may  be  others,  and  I  am  aware  of  the  existence  of  a  large  cave 
near  the  Twin  Lakes  in  the  northwest  comer  of  Connecticut,  but,  con- 
sidering the  abundance  of  the  limestone  areas,  they  are  certainly  rare. 
**  For  these  reasons  I  regard  the  probability  of  their  existence  under 
the  site  of  the  dam  as  remote. 

**  Very  respectfully  yours, 

**  (Signed)        J.  F.  Kemp." 

In  order  to  explore  this  limestone  bottom  more  completely,  it  was 
found  advisable  to  drill  a  few  test  holes  of  considerable  depth.  These 
were  accordingly  undertaken  at  certain  points  in  the  bottom  where  it 
was  nearly  ready  for  the  masonry,  and  their  location,  direction  and 
depth,  are  shown  on  the  contour  plan. 

An  extended  account  and  description  of  the  excavated  rock  bottom, 
for  the  main  dam  foundation,  referring  particularly  to  the  limestone 
bottom  and  to  the  various  changes  and  characteristics  shown  by  this 
rock,  can  be  found  in  a  report  made  by  the  author  to  the  Chief  Engi- 
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FiQ.  1.— Mat  S6th,  lB9tf.    Main  Dam  Excavation,  Looking  Southwest. 


Fig.  2.— May  19th,  1896.    Main  Dam  Excavation.    Deep  Rock  Cut,  Looking  West. 
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neer  of  the  Aquednot  Commission,  in  which,  for  the  purpose  of  a 
record,  all  the  facts  are  noted  in  considerable  detail.  Constant 
reference  is  had  to  Plate  IV,  which  is  a  plan  in  contour  of  the  finished 
rock  bottom  between  Station  3  +  20  and  Station  9,  and  which  shows 
contonr  elevations  at  intervals  of  1  ft.  On  it  are  shown  also,  by  means 
of  cross  lines,  the  limits  of  the  different  belts  in  the  rock,  and  the 
heavy  dotted  line  shows  the  neat  lines  of  the  dam  foundation  masonry. 

The  shale  seam,  separating  the  gneiss  and  limestone,  lies  at  Station 
8  +  80  ±,  varied  in  width  at  different  points,  but  grew  narrower  and 
more  solid  as  the  depth  of  excavation  increased.  Fig.  2,  Plate  m,  shows 
the  shale  in  the  face  of  the  cnt  and  in  the  trench  bottom  on  the  left, 
where,  however,  the  excavation  shown  is  unfinished.  The  view  is  taken 
looking  up  stream. 

The  next  of  the  series  of  belts  into  which  the  foundation  may  be 
divided,  and  which  are  in  a  measure  indicated  by  the  profiles  of  the 
finished  bottom  shown  in  Plate  IV,  and  in  Figs.  4,  5  and  6,  extends  from 
Station  8  +  20  to  Station  8  +  70.  Its  character,  when  the  excayation 
was  about  completed,  is  shown  in  Fig.  2,  Plate  III,  and  Figs.  1  and  2, 
Plate  V.  The  contour  plan,  Plate  IV,  shows  the  number  and  depth  of 
the  search  holes  drilled  in  preparing  the  bottom  for  masonry.  In 
this  case  they  followed  principally  the  lines  of  the  erosions  in  the  hard 
rock  bottom. 

Next  beyond  lies  a  section,  showing  also  in  Fig.  1,  Plate  V,  between 
Stations  7+80  and  8  +  20,  and  forming  a  solid  ridge  of  hard,  com- 
pact limestone,  requiring  but  little  excavation,  comparatively. 

A  well-defined  narrow  seam  along  Station  7  +  70  is  illustrated  by 
Fig.  1,  Plate  VI,  showing  its  down-stream  end.  Its  up-stream  end 
developed  upon  excavation  into  the  cave  previously  referred  to.  Fig.  2, 
Plate  VT,  shows  the  cave  opening  at  Station  7  +  70, 25  L.  The  pump  and 
suction  hose  in  use  are  also  shown.  This  suction  hose  and  another  line, 
of  the  same  size,  were  built  in  the  masonry  when  the  tunnel  was  filled 
up,  in  order  that  the  necessary  drainage  from  a  sump  hole,  placed  out- 
side of  the  upper  line  of  the  dam  in  the  lowest  point  of  the  tunnel 
reached,  might  be  maintained.  The  length  of  the  cave  excavated  and 
filled  as  tunnel  was  about  30  ft.  The  fioor  is  of  very  hard  and  solid  rock; 
holes  traced  16  ft.  deep  found  no  openings  below.  The  masses  of  rock 
on  the  top  and  sides  are  all  solid,  showing  few  or  no  open  seams,  except 
that  the  seam  between  the  cave  floor  and  the  right  side  wall  may  have  had 
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an  open  connection  with  the  low  point  in  the  excavation  at  Station 
7  +  35,  15  B.,  where,  in  grouting,  later,  there  were  some  indications  of 
an  open  passage  between  the  points  in  question.  As  this  was  indicated 
hj  the  pump  from  the  sump  at  Station  7  +  62,  25  B.,  throwing  out 
grout  which  was  being  pumped  in  at  the  point  noted,  it  is  not  at  all 
certain  that  the  line  of  communication  between  the  two  did  not  lie 
mostly  outside  the  dam  foundation. 

To  facilitate  the  work  of  filling  up  the  cave,  a  small  shaft  was  sunk 
at  Station  7  +  73,  23  B.,  to  strike  one  of  the  subsidiary  caves  found  on 
the  upper  line  of  the  dam.  Two  other  and  smaller  eroded  chambers, 
leading  into  the  roof  of  the  main  cave,  were  also  found.  These  spaces 
were  all  filled,  within  the  lines  of  the  dam,  with  rubble  masonry,  or^ 
in  the  case  of  the  two  small  caves  shown  in  plan  on  the  contour  plan 
at  Station  7  +  70,  and  Station  7  +  78,  with  well-packed  small  stone, 
placed  from  above  through  openings  made  for  the  purpose  in  the  over- 
head rock,  and  then  filled  with  grout. 

The  sections  and  sketches  opposite  Station  7  +  70,  Fig.  7,  show 
the  location  and  extent  of  these  various  caves,  and  it  may  be  noted 
that  in  filling  up  the  main  cave  and  the  branch  cave,  i,  e.,  entering 
above  the  main  cave  roof  from  above  the  up-stream  line  of  the  founda- 
tion masonry,  care  was  taken  to  build  this  masonry  filling  4  ft.  beyond 
the  limiting  line.  The  large  cave  beyond  the  line,  was  found  to  be 
about  half  full  of  sand  and  gravel  when  it  was  reached  from  the  tunnel 
and  the  small  shaft  sunk  in  its  roof.  It  is  evident  that  originally  the 
space  had  been  solidly  filled,  but  that  the  cleaning  of  the  tunnel,  and 
the  pumping  of  the  heavy  water  flow  had  caused  the  partial  emptying 
of  the  filled  space  beyond.  It  was  refilled  later,  after  the  masonry 
filling  had  been  built,  by  washing  gravel  down  from  the  slope  outside 
through  openings  made  in  the  surface  of  the  rock  for  that  purpose. 

Between  Stations  7  +  30  and  7  +  60  is  shown  a  narrow  well-defined 
seam  of  hard  rock  with  many  erosions  connected  and  extending  to  the 
deeper  holes  excavated  at  the  ends.  Fig.  1,  Plate  VI,  shows  on  the  left 
the  deep  excavation  on  the  down-stream  end.  Beyond  this  seam  lies 
a  compact  seam  of  friable  limestone  about  10  ft.  wide.  It  is  shown 
in  Fig.  1,  Plate  VT,  on  the  extreme  left,  where  the  ladder  is  resting 
against  it  when  the  excavation  was  completed.  It  was  tested  for 
bearing  strength  by  an  apparatus  shown  in  Fig.  10.  This  apparatus 
consists  of  a  cylinder  to  be  loaded  with  shot  necessary  to  produce 
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the  required  pressure  upon  its  bearing  point,  a  circle  J  in.  in  diameter. 
This  was  applied  carefully  and  repeatedly  to  the  surface  in  question 
at  different  points,  and  the  results  indicated  that  the  bearing  power 
of  the  surface  was  ample  up  to  the  limit  of  the  test,  which  was  250 
lbs.  to  the  square  inch. 

A  second  but  much  narrower  section  of  the  soft  granular  rock  just 
mentioned  lies  a  short  distance  beyond.  This  shows  on  Plate  YI,  as 
from  3  to  5  ft.  in  width,  and  beyond  this  is  a  wide  stretch  of  bottom 
shown  on  the  plan  as  being  composed  of  alternate  strata  of  **  soft  and 
granular  limestone  and  hard  eroded  limestone."  In  this  the  most 
•extensive  and  deepest  excavation  occurred.  Figs.  1  and  2,  Plate  Vll, 
which  are  views  looking  up  stream,  illustrate  the  character  of  the  exca- 
vation. Fig.  2,  Plate  VII,  shows  the  deepest  point  reached,  i.  e. ,  Eleva- 
tion—80.4  below  datum.  Figs.  1  and  2,  Plate  YIU,  show  the  character 
of  the  rock  in  the  same  vicinity  more  in  detail,  and  the  location  of 
some  of  the  erosions  through  which  excavation  was  made.  In  Fig.  2, 
Plate  VII,  is  shown  the  spring  hole  at  Station  5  -f  93,  with  the  iron  pipe 
in  use  to  convey  the  flow. 

The  sloping  bed  of  rock  shown  in  Fig.  2,  Plate  VII,  extends  quite 
across  the  dam;  and  beyond  it,  to  Stations  5  +  40,  lies  a  hard  bottom, 
reasonably  free  from  seams  and  erosions,  and  calling  for  but  little 
excavation.  Between  Stations  5  -f-  30  and  5  +  40  occurs  a  deep,  well- 
defined  seam,  or  series  of  erosions,  shown  at  the  upper  end  in  Fig.  1, 
Plate  IX.  This  photograph  shows  also  the  general  character  of  the  rock 
bottom  on  both  sides  of  this  seam,  and  Fig.  2,  Plate  IX,  and  Fig.  1, 
Plate  X,  show  it  still  further  to  the  south,  and  to  the  junction  of  the 
main  dam  with  the  core-wall.  This  part  of  the  bottom  calls  for  little 
comment,  although  a  seam  showing  at  Station  4  +  60,  and  extending 
partly  across  the  foundation,  is  shown  nearly  ready  for  masonry  in 
Fig.  1,  Plate  X. 

In  addition  to  the  search  holes,  which  were  numerous,  and  were 
from  12  to  14  ft.  in  depth,  it  was  thought  advisable  to  drill  a  few 
test  holes  of  considerable  depth.  They  were  accordingly  undertaken 
at  certain  points  in  the  bottom  where  it  was  nearly  ready  for  masonry, 
and  their  location,  direction  and  depth  arc  shown  on  the  contour 
plan.  The  first,  or  No.  1,  was  located  at  Station  8+68,  103  L. 
Length  drilled,  48.4  ft. ;  direction  and  dip  indicated  by  the  black 
arrow  ending  at  8  +  52,  100  L.   •  Hole  No.  2  was  located  at  Station 
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FlO.  1.— 6BPTBMBEB  iBT,  1896.     MAIN  DAM  fiXOAYATION,  LOOKING  WSST. 


Fio.  2.— Septembbr  I^th,  1896.    Cavb  at  Station  7  +  70,  10  L. 
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7  +  76,  84  L.  Length  drilled,  100.6  ft. ;  direction  and  depth  indicated 
by  arrow  ending  at  Station  7  +  16,  86  L.  Hole  No.  8  located  at 
Station  7  4-  52,  5  K.  Length  drilled,  100.6  ft.;  direction  and  dip 
indicated  by  arrow  ending  at  Station  7  +  14t,  60  L.  Hole  No.  4  is 
located  at  Station  7+50.5,  75.8  L.,  and  was  drilled  vertically  55.6  ft. 
deep. 

The  three  inclined  holes  were  drilled  in  May,  Jnne  and  July,  1897, 
while  the  sump  hole  at  Station  8  +  50,  10  L. ,  the  bottom  of  which 
was  at  Elevation  — 67,  was  in  use.  They  were  inclined  in  order  to 
cross  the  vertical  seams,  and  to  better  the  chance  of  finding  large 
erosions  or  caves.  The  results  did  not  seem  to  indicate  anything 
more  extensive  in  the  way  of  erosions  than  had  already  been  found 
by  the  excavation  for  the  first  bottom  formed  between  Stations  8  -f-  50 
and  8  4-  70,  and  it  was  some  time  later  in.  the  season  that  the  excava- 
tion in  its  regular  progress  developed  the  location  of  the  large  cave 
to  which  attention  has  been  called. 

The  profiles,  Figs.  4,  5  and  6,  show  the  excavation  necessary  to  get 
below  the  loose  and  open  seams,  which  in  places  was  considerable,  as 
the  seams  separated  the  rock  into  heavy  solid  masses  which  they 
bounded  on  all  sides.  The  bottom  reached  was  solid,  compact  and 
tight.  At  the  date  of  writing,  a  narrow  strip  of  this  bottom,  close  to 
the  river  wall  foundation,  remains  to  be  excavated.  This  w'as  left, 
when  the  great  bulk  of  the  work  was  completed,  as,  at  that  time,  it 
furnished  the  foundation  for  a  trestle  then  in  use.  This  remaining 
strip  is  about  20  ft.  wide,  and,  with  the  section  of  the  overflow  bottom 
now  under  process  of  work,  completes  all  that  is  incomplete  in  the 
foundation  excavation  of  the  whole  dam. 

GbOUTING  AI^D  GENERAIi  TrEATHENT   OF    THE  BoCK  FOUNDATION. 

Upon  the  completion  of  the  rock  excavation  of  any  particular 
section  of  the  bottom,  which  work  included  in  many  places  a  pro- 
longed and  tedious  barring  out  and  cleaning  up  of  shaky  or  loose 
pieces  of  rock,  the  bottom  was  washed  down  and  thoroughly  cleaned 
by  streams  of  water  under  a  heavy  head;  and  operations  were  then, 
begun  to  clean  out  all  erosions  and  open  seams  showing  at  the 
surface,  and  to  trace  them  out  as  thoroughly  and  as  far  as  possible  by 
drilling  numerous  holes  of  varying  depths  in  their  vicinity. 

All  erosions  and  open  seams  were,  as  a  rule,  filled  with  Portland 
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cement  grout  mixed  with  fine  sharp  sand  of  1  to  1  or  2  to  1  mixture 
according  as  the  grout  was  pumped  or  poured.  In  the  case  of  the 
''cave,"  rubble  masonry  in  mortar  was  used  as  filling  in  the  large 
opening,  while  in  some  smaller  erosions  the  spaces  were  thoroughly 
packed  with  small  stones  before  the  grout  was  poured  in,  and,  in  one 
or  two  exceptional  cases,  American  cement  was  used  for  the  grouting. 

The  drilling  of  holes  in  the  rock  bottom  for  grouting  and  search- 
ing purposes  was  begun  as  soon  as  the  first  section  of  bottom  was 
excavated.  Air  drills  were  used,  and  were  fed  from  the  pipes  used 
for  drills  at  work  on  the  geneiral  excavation.  In  all,  about  1  700 
lin.  ft.  of  holes  were  drilled.  They  were  about  2J  ins.  in  diameter  at 
the  rock  surface,  decreasing  somewhat  as  the  depth  increased.  These 
holes  were  of  all  depths  up  to  about  16  ft.,  according  to  circum- 
stances. Whenever  it  was  found  impracticable  or  inadvisable  to  pour 
or  pump  grout  into  holes  or  erosions  before  the  adjacent  masonry 
work  was  started,  vertical  pipes,  generally  2  ins.  in  diameter,  were 
placed  in  them  and  were  then  built  around  with  the  masonry  up  to 
such  height  as  was  necessary.  In  case  holes  or  erosions  showed  a 
flow  of  water,  such  openings  were  also  provided  with  pipes  placed  at 
proper  inclinations  to  lead  to  some  drain  center  or  sump  hole  near  by. 
In  most  oases  the  erosions,  and  in  a  majority  of  cases  the  drilled  holes, 
were  piped,  as  it  was  found  more  convenient  and  practicable  to  pump 
grout  under  heavy  pressure  into  openings  thus  prepared  and  sealed 
and  covered  with  masonry  carried  up  to  some  convenient  height.  Old 
steam-piping  was  generally  used  for  this  purpose,  and,  while  the 
diameter  was  generally  2  ins.,  other  and  larger  sizes  were  sometimes 
provided,  and  in  the  bottom  hard  tile  piping  was  at  times  used  to 
carry  water  flows.  In  the  case  of  the  heavy  spring  at  Station  5  +  95 
large-sized,  galvanized,  riveted  pipe  was  used  to  connect  with  the 
spring  as  the  foundation  masonry  was  built  up,  and  at  the  cave  at 
Station  7  +  70  it  was  found  necessary  to  build  into  the  filling  masonry 
two  10-in.  galvanized-iron  suction  pipes  which  were  afterward  filled 
by  pumping  grout. 

Whenever  grout  was  pumped  a  No.  2  Douglass  deck  pump  was 
used.  The  grout  was  mixed  by  hand  in  boxes  made  for  the  purpose. 
The  suction  and  delivery  hose  were  each  3  ins.  interior  diameter,  coup- 
ling to  2-in.  holes  at  the  pumps  and  also  to  a  2-in.  nozzle,  at  the  outer 
end  of  the  discharge  hose,  made  of  a  short  piece  of  steam  pipe.     When 
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in  tise,  this  nozzle  was  either  set  well  into  the  pipe  leading  to  the 
ohannel  to  be  gronted  and  caref  ally  packed  with  waste  and  old  bag- 
ging, or,  in  some  cases,  was  conpled  to  the  grout  pipes  by  the  nse  of 
screw  threads  and  couplings,  cut  and  furnished  for  that  purpose. 
From  four  to  six  men  were  used  at  the  pump  handles,  according  to  the 
resistance  experienced  in  forcing  the  grout,  and  the  pressure  developed 
was  sufficient  in  cases  to  burst  the  hose  while  still  forcing  appreciable 
quantities  of  grout  to  flow.  As  a  preliminary  to  grouting  any  hole  or 
section,  care  was  always  taken  to  flush  the  pipe  and  passage  very 
thoroughly  with  water  under  a  heavy  head ;  a  system  of  pipes  leading 
from  the  Old  Aqueduct,  which  was  at  an  elevation  of  from  200  to  250 
ft.  above  the  main  dam  foundation,  furnishing  all  the  facilities  for  this 
purpose. 

The  contour  plan,  Plate  IV,  shows  the  position  and  extent  of  the 
various  fissure  erosions,  cave  and  springs  treated  together  with  the 
location  and  depths  of  all  holes  drilled  in  the  process  of  tracing  out; 
and  also  figures  showing  the  number  of  bags  of  cement  used  in 
grouting  at  various  places. 

The  first  section  grouted  was  between  Stations  8  +  20  and  8  +  70. 
The  search  holes  drilled  had  in  many  cases  established  a  connection 
with  the  lines  of  erosions  showing  in  the  bottoms,  and  most  of  the 
holes  were  filled  by  the  flow  from  holes  adjoining.  In  this  section  701 
bags  of  Portland  cement  (175  bbls.)  were  used,  mixed  with  sand  (2  to 
1).  All  erosions  of  any  size  were  filled  with  small  stones  before  being 
treated  with  grout. 

The  next  section  treated  was  along  line  7  +  70,  and  included  the 
cave  which,  after  being  cleared  of  gravel  and  having  control  of  the 
water  flow,  gained  by  means  of  a  10-in.  double  Worthington  pump 
(1  500  000  galls,  per  24  hours),  was  filled  with  rubble  masonry  laid  in 
Portland  cement  mortar.  The  sump-hole  was  established  outside  the 
line  of  the  dam  at  about  27  B.,  and  its  location  has  been  shown  at  the 
ends  of  the  two  suction  pipes  which,  as  stated,  were  left  in  and  built 
around  solid  with  masonry.  The  larger  pipe  was  the  one  used  in  con- 
nection with  the  10-in.  pump.  The  second  pipe  was  placed  about  2  ft. 
higher  than  the  other  and  was  provided  in  order  that  drainage  might 
be  maintained  in  case  the  lower  pipe  should  clog  with  sand  or  gravel 
during  the  filling  up  of  the  cave.  A  third  pipe  3  ins.  in  diameter, 
reaching  partly  through  the  cave,  was  laid  on  the  bottom  below  the 
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lower  suction  pipe  and  reached  to  the  sump-hole.  It  was  used  to  take 
slight  flows  from  the  walls  and  floor  to  the  sump,  and  was  also  built  in 
when  the  cave  was  filled.  During  this  process  the  lower  suction 
became  clogged  and  the  pump  was  connected  temporarily  with  the 
upper  pipe,  while  a  stream  of  compressed  air  was  blown  through  the 
3-in.  pipe.  This  freed  the  outer  end  of  the  lower  suction  which  was 
again  put  in  use,  and  no  further  trouble  was  had  with  it. 

Fig.  7  shows  cross-sections  of  the  cave  at  various  points.  The 
section  at  00  D.  L.  shows  on  the  left  the  connection  with  the  long  oval- 
shaped  pocket  shown  on  the  plan  at  Station  7  4-  78.  It  also  shows  on 
the  right  a  connection  with  a  smaller  pocket  at  Station  7  +  70.  These 
pockets  were  comparatively  deep,  and  plainly  showed  erosion  between 
the  solid  stratum  forming  the  cave  roof  and  the  somewhat  softer  stone 
on  each  side.  The  section  at  125  R.  shows  the  average  cave  section 
inside  the  masonry  lines.  At  25  B.,  just  outside  the  up-stream  line,  the 
cave  abruptly  enlarges,  reaching  nearly  to  the  rock  surface,  while  at 
37}  B.,  the  section  is  somewhat  smaller  apparently,  although  it  was 
not  free  enough  of  gravel  and  sand  to  show  that  clearly. 

As  the  cave  was  cleared  out  it  was  heavily  timbered  in  the  roof  for 
the  protection  of  the  workmen  from  the  possible  fall  of  detached 
pieces  of  rock,  and,  when  27  B.  was  reached,  a  timber  bulkhead  about 
4  ft.  high  was  built  to  retain  the  gravel  slope  lying  in  the  Assure 
beyond.  It  was  also  of  use  in  forming  the  outer  wall  of  the  sump- 
hole  which  was  located  on  the  extreme  right  of  the  cave  where  the  roof 
was  low.  A  shaft  4  to  6  ft.  square  and  about  6  ft.  deep,  between 
Stations  7  +  69  and  7  -|-  75,  was  sunk  to  reach  the  roof  of .  the  enlarged 
cave  section  which,  at  this  point,  ran  back  about  10  ft.  from  the  outer 
neat  line  of  the  dam,  re-entering  for  that  distance  over  the  roof  of  the 
cave  proper  and  near  the  rock  surface.  The  masonry  filling  began 
close  to  the  bulkhead  line,  27  B.,  and  was  carried  up  on  that  line  verti- 
cally to  the  surface  through  the  4  x  6-ft.  shaft  which  was  excavated  for 
that  purpose.  As  this  filling  progressed  in  the  cave,  working  toward 
the  center  of  the  dam,  the  timber  was  gradually  removed  with  the 
exception  of  two  8  x  12-in.  range  timbers  which  extended  throughout 
its  whole  length  and  which  were  built  in.  A  small  shaft  was  sunk 
into  the  roof  of  the  oval-shaped  pocket  on  the  left,  at  Station  7  -|-  78, 
and  when  the  cave  masonry  below  had  been  built  to  the  general  roof 
level  this  pocket  was  filled  with  small  stones  and  then  grouted,  taking 
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forty-eight  bags  of  cement  (2  to  1  mixture).  The  smaller  pocket 
in  the  right  was  packed  with  stones  from  below  and  grouted  through 
an  inclined  drilled  hole  12  ft.  deep,  taking  eight  bags  of  cement  (2 
to  1  mixture).  Other  inclined  holes  were  drilled  in  this  vicinity— 12 
to  18  ft.  in  depth — in  a  search  for  further  cavities. 

To  the  pump  ends  of  the  suction  pipes  as  they  were  built  in, 
reducers  and  2-in.  iron  pipes  were  finally  attached,  and  the  water  from 
the  sump-hole  outside  was  allowed  for  a  long  time  to  flow  through  and 
was  conducted  to  a  temporary  sump-hole  near  the  center  of  the  work, 
while  the  masonry  was  gradually  built  up.  As  these  pipes  were  raised 
higher,  this  flow  finally  stopped,  as  the  back-filling  on  the  up-stream 
side  then  in  place  was  not  sufficient  to  prevent  the  flow  from  finding  an 
outlet  in  the  up-stream  sump  to  the  south.  These  suction  pipes  were 
grouted  when  the  masonry  and  connecting  pipes  had  been  raised  about 
40  ft. ,  72  bags  of  Bosendale  cement  (1  to  1  mixture)  were  poured  into 
the  lower  and  longer  pipe,  filling  it,  then  42  bags  of  Rosendale  cement 
(1  to  1)  were  partly  poured  and  partly  pumped  into  the  upper  and 
shorter  pipe.  The  pumped  material  was  forced  up  through  the  back 
filling  on  the  up-stream  side  and  this  caused  a  temporary  stopping  of 
the  experiment.  Some  time  later  (about  a  year),  11  bags  more  were 
pumped  in,  and  this  hole  was  blocked,  no  sign  of  this  grout  showing 
this  time  in  the  up-stream  back  filling,  which,  in  the  meantime,  had 
been  carried  up  much  higher.  In  the  narrow,  eroded  seam  lying  along 
the  line  from  Station  7  -f  32,  up  stream,  to  Station  7  -f  58  down 
stream,  300  bags  (75  bbls.)  of  cement  were  used,  the  grouting  showing 
at  least  connections  between  adjacent  erosions  and  search  holes  as  the 
seam  was  pumped  full. 

Beyond,  between  Stations  6  +  80  and  7  +  10,  and  partly  including 
a  bottom  which  was  hard  and  solid,  but  full  of  open  seams  and  ero- 
sions, and  distinguished  by  some  solid  masses  which  rose  above  the 
general  surface,  a  great  many  pipes  were  used,  and  a  large  quantity 
of  grout  was  pumped  in. 

The  next  bottom  section,  covering  the  lowest  point  reached  for  a 
foundation,  was  drilled  and  treated  as  usual,  but  the  extreme  low  bot- 
tom on  the  up-stream  side  took  but  little  grout  except  along  the  line 
of  seams  from  20  B.  to  30  L.  near  Stations  6  +  50. 

On  the  down-stream  side  will  be  noted  some  lines  of  erosions  into 
which  considerable  grout  was  pumped. 
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But  little  gront  was  used  beyond  this  bottom  until  the  eroded  seam 
between  Stations  5  +  30  and  5+40  was  reached,  as  the  spring  hole  at 
Stations  5  4-  93  was  not  treated  by  grouting. 

The  erosions  along  the  5  4-  40  line  were  drained  at  a  sump-hole  at 
39  L.  during  the  excavation,  while  the  bottom  masonry  was  being  laid 
and  the  drilled  holes  and  erosions  were  being  piped.  A  well  was  there- 
fore gradually  built  up  at  this  point,  reaching  a  depth  or  height  of 
about  20  ft.  before  the  grouting  work  was  started.  The  holes  in  the 
seam  between  the  well  and  the  up-stream  side  were  grouted  by  pump- 
ing before  the  well  had  reached  this  height,  as  there  was  no  con- 
nection between  them,  the  water  in  the  well  coming  wholly  from 
the  other  direction.  When  the  well  was  ready  the  drainage  pump 
was  taken  out  and  the  drainage  was  maintained  by  a  pump  attached 
to  the  5  in.  pipe  shown  at  165  L.  This  pipe  was  just  outside  the 
down-stream  toe  line  of  the  dam,  and  had  been  placed  and  used 
for  a  drainage  well  while  the  rock  excavation  in  its  vicinity  was 
being  made. 

The  main  well  hole,  as  it  was  built  up,  in  places  had  its  down- 
stream face  built  of  stones  laid  dry,  in  order  that  seams  in  the  adjoining 
rock  might  not  be  shut  off  from  the  grout  later,  as  well  as  to  allow 
free  passage  of  the  water  to  the  suction  pipes.  A  2-in.  pipe  was  also 
built  into  this  well,  reaching  to  its  lowest  point  and  connecting  there 
with  seams  in  the  rock. 

The  well  was  filled  with  80  bags  of  Portland  cement  (1  to  1  mixture) 
poured  in,  and  it  was  evident  from  the  water  which  was  forced  from 
pipes  nearby,  notably  at  54  L. ,  that  the  grout  was  reaching  the  seams 
and  passages  in  that  direction.  As  the  grout  was  poured  the  well  was 
gradually  filled  with  small  stones  collected  for  that  purpose.  After 
no  more  grout  could  be  poured  4  bags  of  cement  (1  to  1  mixture)  were 
pumped  into  the  pipe  placed  in  its  comer.  The  grout  pump  was  then 
tried  in  each  pipe  in  turn  working  toward  the  down-stream  side.  The 
grout  was  forced  gradually  into  the  5-in.  pipe,  the  pump  at  which  was 
stopped  when  the  grout  trace  became  marked.  This  pipe  was  filled, 
so  that  the  water  flow  ceased  through  it,  by  pumping  at  the  spring 
holes  near  by  at  150  and  158  L.  Later,  after  the  pump  was  discon- 
nected, it  was  completely  filled  by  pouring  5  bags  of  cement  (1  to  1 
mixture)  into  it  at  the  top.  By  this  time,  the  water  which  had  flowed 
along  this  seam  was  blocked  off  entirely  and  had  forced  its  way  up  to 
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the  surface  of  the  down-stream  gravel  slope  at  an  elevation  consider- 
ably above  the  top  of  the  5-in.  pipe. 

Beyond  this  seam,  little  grouting  was  found  necessary  until  Station 
4  -f-  60  was  reached,  where  the  seam  developed  in  the  course  of  the 
rock  excavation  showed  some  traces  of  erosion  on  the  solid  vertical 
face  left  in  on  the  north  side.  The  nearly  horizontal  open  seam  reach- 
ing under  this  vertical  face  showed  a  few  springs,  and  at  two  places, 
43  and  126  L.,  18  and  30  bags  of  cement  (1  to  1  mixture),  respectively, 
were  pumped  in,  and  smaller  quantities  at  other  places.  The  spring 
at  43  L.  was  iilled  and  **  X"d  at  three  points  between  25  and  31  L. 
The  grouting  nearer  the  down-stream  side  gradually  drove  the  water 
outside  the  masonry  limits.  Six  holes,  12  to  14  ft.  in  depth,  were 
drilled  on  the  line  of  this  seam  near  the  up-stream  side,  but  further 
traces  of  it  were  not  found.  A  number  of  pipes  were  placed  between 
18  and  45  L.,  Station  4  +  10  to  Station  4  -|-  40,  above  and  along  very 
narrow  but  somewhat  open  seams  in  masses  of  solid  white  rock,  and, 
as  the  bottom  masonry  was  laid,  these  pipes  were  connected  by  cover- 
ing the  seams  with  small  spawls  laid  dry.  The  pumping  afterward 
done  indicated  free  flowing  between  the  pipes,  and  a  considerable  por- 
tion of  the  grout  must  have  been  used  to  fill  channels  thus  provided. 

The  same  remarks  apply  to  the  piped  seams  from  40  to  60  L.,  Sta- 
tion 3  -f-  50  to  Station  4  4- 10,  where  the  open  seams  were  in  most  cases 
so  fine  that  they  could  have  taken  but  little  of  the  grout  pumped.  A 
wider  seam  at  Station  3  +  75,  0  to  30  L.,  was  piped  and  took  an  appre- 
ciable quantity,  as  is  shown  on  the  plan.  There  were  no  signs  of 
erosion  there. 

The  drilled  holes,  16  to  18  ft.  deep,  between  Stations  3  +  30  and  3  + 
60,  practically  took  no  grout.  Neat  cement  was  pumped  into  them, 
and  the  amount  taken  was  only  about  enough  to  fill  the  holes. 

They  were  drilled,  as  the  rock,  though  compact  and  fairly  solid, 
was  full  of  short  heads  and  tight  seams,  and  it  was  thought  best  to 
make  sure  that  the  seams  were  no  looser  below. 

The  Spring  at  Station  5  -f-  93. 

It  was  at  first  proposed  to  grout  this  spring,  as  well  as  the  others,  but 
circumstances  led  finally  to  a  different  course  of  treatment  in  this  case. 

The  flow  from  this  spring  was  heavy.  When  first  uncovered  it  was 
curbed  with  a  bag  dam  and  piped  as  shown  in  Fig.  2,  Plate  VU.     The 
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pipe  was  8  ins.  in  diameter,  and  the  flow  was  sufficient  to  back  np 
against  the  pipe  at  the  entrance.  The  inclination  of  the  pipe,  however, 
helped  the  flow,  and  at  its  lower  end  the  pipe  was  about  half  full.  It 
was  unfortunate  that  no  gauging  of  this  flow  was  ever  made,  but,  with 
many  other  springs  and  flows  about,  it  was  overlooked. 

This  flow  was  carried  through  this  pipe  for  some  months  until  the 
masonry  work  had  reached  the  spring  level,  when  it  was  taken  by  a 
12-in.  iron  pipe  laid  in  the  masonry  to  the  sump-hole  by  this  time 
established  near  by,  outside  the  up-stream  face  which  had  been  car- 
ried up  to  about  30  ft.  above  the  lowest  point  of  the  rock  bottom. 
Later,  another  12-in.  pipe  was  laid  from  a  slightly  higher  elevation 
through  the  masonry  outside  the  face  of  the  dam.  This  pipe  was  con- 
tinued with  a  90^  elbow,  and,  after  plugging  the  lower  pipe,  short 
vertical  lengths  of  pipe  were  added  to  it  by  which  the  point  of  dis- 
charge was  gradually  raised  as  the  masonry  forming  the  well  above 
the  spring  was  carried  up  ahead  of  the  discharge  pipe.  This  arrange- 
ment also  allowed  the  back-filling  against  the  up-stream  face  to  be 
carried  on  conveniently  without  impeding  the  flow  of  the  spring  or 
filling  it  with  earthy  material.  The  head  of  the  spring  was  reached  at 
about  Elevation  -f-  20,  when  the  flow  which  had  been  gradually  dimin- 
ishing ceased.  This  was  about  83  ft.  above  the  rock  bottom  of  the 
spring  hole  and  74  ft.  above  the  outlet  pipe  which  by  this  time  had 
served  its  purpose  for  15  months  while  the  masonry  was  building. 
The  section  in  Fig.  9  shows  the  above-described  features,  as  well  as 
the  partial  location  and  trend  of  the  open  fissure  leading  from  the 
spring  hole.  This  fissure  showed  at  the  well  hole  a  considerable  sec- 
tion; its  direction  was  down  stream  with  a  downward  horizontal  dip. 
Viewed  from  above  the  well  hole,  the  bottom  was  full  of  well- washed 
gravel  stones  of  comparatively  small  size.  As  the  passage  was  always 
full  of  water  flowing  swiftly,  it  could  not  well  be  explored,  but  the 
line  of  drilled  holes  shown  on  the  contour  plan  from  7  to  17  ft.  in 
depth  was  used  to  locate  its  position  and  direction  as  far  as  practic- 
able. Five  of  these  holes  reached  the  fissure  or  connecting  seams  and 
were  piped  with  2-in.  pipes  until  the  head  of  the  spring  was  reached. 
The  additional  sections  shown  in  Fig.  9  are  from  the  results  of  these 
borings.  When  the  well  had  been  built  to  Elevation  —  2,  it  was  de- 
cided to  seal  it,  as  to  carry  it  higher  involved  unnecessary  complica- 
tions with  the  masonry  work.     It  was  4  ft.  square.     A  3- in.  iron  pipe 
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was  placed  in  one  comer  and  reached  nearly  to  the  bottom.  A  large 
flat  stone  was  lowered,  and  by  tag  and  guide  ropes  so  placed  as  to 
partly  cover  and  shield  the  12-in.  pipe  opening.  Its  position  was  di- 
rected by  sonnding  with  plummet  and  wire  Hne,  and  two  trials  only 
were  necessary  to  place  the  stone  properly.  The  well  was  then  filled 
np  to  Elevation  —  47,  about  8  ft.  above  the  outlet  pipe,  with  clean 
spa  wis,  the  larger  sizes  being  placed  on  the  bottom  and  gradually 
diminishing  to  the  size  of  concrete  material  at  the  top.  These  stones 
were  lowered  to  place  in  a  box  built  to  fit  the  well  with  a  bottom 
which  could  be  tripped  open.  The  same  box  was  used  to  continue  the 
filling  with  concrete,  Portland  cement  in  the  proportion  of  4  gravel, 
2  sand  and  1  cement  being  used.  The  dump  box  had  a  capacity  of  18 
cu.  ft.  The  first  batch  of  concrete  was  mixed  dry  and  was  placed  in 
the  box  on  a  sheet  of  canvas  which  covered  the  bottom  and  sides  of 
the  interior,  and  formed  a  tight  bottom  for  the  concrete  mixture  when 
it  was  dumped.  The  dumping  of  the  concrete  was  continued  dili- 
gently until  it  had  risen  about  13  ft.  This  work  had  not  in  any  way 
disturbed  the  flow  through  the  outlet  pipe  which  showed  no  discol- 
oration due  to  cement  or  gravel,  and  examination  of  the  3-in.  pipe  in 
the  well  comer  indicated  that  the  sealing  was  complete,  as  the  dis- 
placed water  in  the  well  was  overflowing  at  the  top,  while  the  water  in 
the  3-in.  pipe  remained  stationary.  This  was  further  shown  the  next 
day  when  the  well  was  bailed  oat  nearly  dry  to  facilitate  its  further 
filling  with  concrete.  When  filled  the  masonry  work  above  and 
around  the  well  was  resumed,  but  the  3-in.  pipe  was  carried  up  with 
the  others  until  the  head  of  the  spring  was  reached. 

The  four  2-in.  pipes  furthest  away  from  the  well  hole  took  water 
freely.  They  were  about  90  ft.  long.  The  water  from  the  spring  rose 
in  the  line  of  pipes  to  Elevation  20  ±,  about  10  ft.  below  their  tops.  It 
was  a  question  whether  grout  could  be  poured  successfully  through 
so  much  water,  and  in  the  first  pipe  tried,  17  L.,  the  grout  clogged 
half-way  down  the  pipe,  owing,  apparently,  to  some  roughness  due 
to  carelessness  in  joining  the  sections  of  the  pipe.  This  was  washed 
out  by  a  flow  of  water  pumped  through  a  J-in.  pipe,  and  the  pipe  was 
cleared. 

It  was  then  suggested  that  an  effort  be  made  to  fill  this  erosion  with 
plastic  clay  by  driving  through  the  pipes.  This  suggestion  came 
from  the  contractors,  who  had  used  clay  to  fill  cavities  under  some- 
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what  different  conditions.  Arrangements  were  made  to  try  this 
method,  and  a  small  pile-driver  with  a  2  000  lb.  hammer  was  set  up 
over  the  2-in.  hole  at  32  L. 

A  piece  of  3-in.  steam-pipe,  abont  6  ft.  long,  was  used  at  first  as 
a  receiving  cylinder,  and  if;  was  connected  to  the  2-in.  pipe  which 
projected  above  the  masonry  abont  1  ft.,  with  a  strong  reducing  coup- 
ling. The  follower  used  was  a  1-in.  steel  rod,  of  the  length  of  the  cylin- 
der, turned  to  fit  closely  its  full  length.  It  was  welded  at  its  upper 
end  to  a  lengthening  rod,  slightly  smaller  in  diameter,  which  was 
fastened  at  its  upper  end  to  a  wooden  cross-head,  designed  to  work  in 
the  guides  of  the  pile-driver  and  to  take  the  blow  of  the  hammer. 

Blue  clay  of  good  quality  was  used,  and  was  made  plastic  with 
water  and  a  thorough  working  and  pounding  into  boxes  10  ins.  deep 
and  of  a  size  to  hold  10  cu.  ft.  These  boxes  were  limited  in  dimen- 
sions simply  for  convenience  in  keeping  record  of  the  clay  used.  The 
clay  was  then  cut  into  *'  sausages  "  10  ins.  long  and  2|  ins.  in  diame- 
ter by  shovels  which  had  been  bent  and  sharpened  for  the  purpose. 
As  often  as  the  shovel  was  used  to  make  a  cut  it  was  dipped  in  a  pail 
of  water  in  order  to  lubricate  its  surface  and  free  itself  for  the  next 
cut.  The  sausages  were  passed  to  the  pile-driver  in  boxes  holding  50 
lbs.,  and  the  amounts  of  clay  thus  determined  were  used  for  the  pur- 
poses of  a  record,  and  later,  were  reduced  to  cubic  yards. 

The  first  hole  to  be  tried  was  one  which  took  water  very  slowly. 
On  starting  the  clay  driving,  the  machine  worked  very  satisfactorily, 
but  the  clay  drove  hard  and  only  3 J  cu.  ft.  were  driven  in  all;  proba- 
bly not  much  more  than  enough  to  fill  the  pipe,  which  was  about  90 
ft.  long,  and  the  fissure  at  its  bottom.  The  next  hole  tried  was  at  17 
L.  It  was  also  a  slow  water  hole.  Into  this  332  lbs.  of  clay  were 
driven,  with  the  3-in.  cylinder,  everything  working  hard,  and  an  18- 
in.  drop  of  the  hammer  being  necessary.  It  was  then  decided  to 
change  the  3-in.  cylinder  for  a  2-in.,  with,  of  course,  a  correspond- 
ingly smaller  piston.  This  piston  proved  to  be  somewhat  loose  in  its 
fit,  but  the  driving  continued  to  be  very  hard  and  only  37  lbs.  of  clay 
in  addition,  were  put  into  this  hole. 

The  driving  was  then  resumed  at  the  hole  at  10  L.,  the  3-in.  cylin- 
der being  again  used  while  a  new  piston  was  being  fitted  for  the  2-in. 
cylinder.  The  hole  took  water  very  freely,  and  200  lbs.  of  clay  were 
driven  easily,  using  a  1  ft.  drop.     The  next  200  lbs.  went  harder  and 
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required  a  3-ft.  drop  before  it  was  all  in.  A  change  was  then  made  to 
the  2-in.  cylinder  and  piston,  but  the  difficulty  of  driving  seemed  to 
increase  although  a  drop  of  4  ft.  was  given  the  hammer.  With  this, 
only  58  lbs.  more  were  driven  in*  and  then  the  pipe  split  between  the 
coupling  at  the  foot  of  the  cylinder  and  the  masonry.  After  repair- 
ing this  break  driving  was  resumed,  with  a  4-ft.  drop  of  the  hammer, 
for  2  hours  and  very  little  clay  was  gotten  in,  when  it  was  noticed  that 
everything  worked  more  easily  and  a  drop  of  only  2  ft.  was  necessary. 
In  the  course  of  another  2  hours  less  drop  was  used  and  cracks  began 
to  be  noticed  in  the  surface  of  the  masonry  radiating  from  the  pipe  in 
use.  Further  effort  confirmed  this,  and,  on  the  next  day,  observations 
with  level  and  transit,  during  a  short  period  of  driving,  in  which  50  lbs. 
were  easily  put  into  the  hole,  showed  a  distinct  and  appreciable  rise 
in  the  masonry  surface.  In  all,  about  160  lbs.  were  driven  in  this 
pipe  after  the  split  had  been  repaired. 

Leaving  the  upheaved  masonry  to  be  investigated  later,  the  driving 
was  transferred  to  the  3-in.  pipe  which  had  been  built  into  the  well  at 
Station  5  -f-  ^^  ^^  i^  ^as  filled  up.  There  was  no  question  about  a  free 
flow  through  this  pipe  and  a  plumb-bob  dropped  in  readily  found 
bottom  in  the  well  below  the  known  elevation  of  the  bottom  of  the 
pipe.  However,  in  view  of  the  difficulty  experienced  in  driving  clay, 
through  the  2-in.  pipes  already  tried,  it  was  thought  advisable  to 
make  a  test  to  determine  to  what  extent,  if  at  all,  skin  friction  inter- 
fered with  the  passage  of  the  clay. 

The  3-in.  cylinder  was  therefore  connected  by  a  quarter  turn  with 
97  ft.  of  3-in.  pipe  resting  on  the  masonry  surface.  At  the  further  end 
another  quarter  turn  and  a  2-ft.  length  of  pipe  gave  opportunity  to  fit 
a  poppet  valve,  which  was  set  at  34  lbs.  per  square  inch.  The  pipe 
was  then  filled  with  water,  and  clay  was  gradually  forced  in  from  the 
cylinder  end.  It  was  found  to  require  no  force  beyond  the  weight  of 
the  hammer  without  impact  and  the  water  was  forced  through  the 
I)oppet  valve  as  fast  as  the  clay  was  pushed  in  at  the  outer  end.  Later, 
28}  ft.  of  2-in.  pipe  and  20  ft.  of  l^-in.  pipe  were  joined  to  the  3-in. 
pipe  and  the  valve  fixed  at  the  outer  end.  Under  these  circumstances 
it  took  a  drop  of  about  14  ins.  to  force  clay  to  the  extreme  end  and 
through  the  valve.  An  examination  of  the  clay  as  it  was  forced  from 
the  ends  of  the  various  sizes  of  pipes  showed  clearly  that,  under  even 
a  very  slight  compression,  the  water  is  driven  to  the  clay  surface  next 
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the  interior  surface  of  the  pipes  and  acts  as  an  efficient  Inbricator,  the 
skin  friction  amounting  to  practically  nothing. 

Driving  was  then  resumed  at  the  3-in.  pipe;  3  250  lbs.  of  clay  were 
forced  in,  only  the  weight  of  the  hammer  being  needed  on  the  first  day. 
Appended  is  an  abstract  from  the  log  of  the  clay  driving,  following 
the  work  above  noted: 

"Tuesday,  December  27th,  1898.— 4  500  lbs.  driven  in  3-in.  pipe; 
hammer  only  used ;  no  impact  to  force  clay.  No  evidence  of  clay  in 
8-in.  pipe  outside  of  masonry,  though  distinct  tremor  in  water  was 
noticed  during  driving.  Water  in  8-in.  pipe  remained  at  constant 
height,  about  6  ft.  from  top  of  pipe.     Elevation,  18.4. 

**  Wednesday,  December  28th,  1898.— 4  400  lbs.  put  in.  About  8.45 
A.  M.  water  in  8 -in.  pipe  had  risen  to  within  20  ins.  of  top,  and  rose  5 
ins.  at  each  stroke  of  piston,  falling  back  to  old  level  after  stroke. 
About  10  A.  M.  water  began  to  flow  over  edge  of  pipe  at  each 
charge,  but  settled  back  below  edge  after  stroke.  About  12.00  m. 
water  ceased  to  settle  back.  About  3.00  f.  m.  began  to  run  in  a  small 
stream  after  stroke  had  been  made.  Plumbed  pipe,  but  found  no  clay 
in  it.     Distance,  measured  from  top  down,  81.04  ft. 

**  Thursday,  December  29th,  1898.— A  small  stream  of  water  was 
flowing  from  8-in.  pipe  when  work  started.  5  000  lbs.  driven  to-day. 
Plumbed  8-in.  pipe  as  follows ; 

9.00  A.  M.     Distance  81.04  ft. — No  clay  in  pipe. 
2.50  p.  M.  **        78.62  «*  —2.42  ft.  of  clay  in  pipe. 

3.50     "  «*        78.08  «'  —Rise  of  0.54  ft.  of  clay  with  750 

lbs.  put  in  between  2.50  and 
3.50  p.  M. 
**  At  2.50  p.  M.  water  flowing  from  pipe  was  strongly  colored  with 
clay,  which  gradually  cleared,  and  about  4.00  p.  m.  no  trace  of  color 
could  be  detected  in  water  flow. 

♦*  Friday,  December  30th,  1898.— Clay  driven  5  200  lbs.  Plumbed 
8-in.  pipe  as  follows: 

9.20  A.  M.     Distance  77.28  ft.— Rise  0.80  ft.     1  300  lbs.  clay. 
11.20     "  "        76.28  **  —  "     1.00  **      1  250       •< 

2.20  p.  M.  ♦«        71.94  *•  —  •*    432  **      1850 

4.00     "  **        70.88  ♦*  —  "     1.06  "         800       ** 

*'At  11.20  A.  M.  water  was  running  clear  from  8-in.  pipe  and 
reduced  in  amount  over  yesterday,  with  very  slight  acceleration  in 
flow,  when  charge  was  driven. 

**  Saturday,  December  3l8t,  1898.— 3  750  lbs.  driven.  Plumbed 
8-in.  pipe  as  follows : 

9.20  A.  M.     Distance  68.85  ft.— Rise  2.03  ft.     2  150  lbs.  clay. 
10.20     **  **        68.15  **  —  *♦    0.70  •*      1 000 

11.20     "  **        67.80  **  —  **    0.35  «»      1 000        •* 
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"Water flowing  from  8-in.  pipe  is  clear  and  reduced  in  amount 
over  yesterday,  shows  very  slightly  the  effect  of  each  charge.  Total 
clay  driven  through  3-in.  pipe  to  date,  26  100  lbs. 

"Wednesday,  January  4th,  1899.— 4  000  lbs.  clay  driven.  Plumbed 
8-in.  pipe  as  follows: 

12.50  p.  M.     Distance  67.70  ft 1  000  lbs.  clay. 

2.00    "  "        67.60"   1000        " 

3.10    "  "        67.55"' 1000 

4.45     "  "        67.50"  1000 

"  Water  flowing  from  8-in.  pipe  has  decreased  slightly  since  Decem- 
ber 31st;  runs  clear  and  shows,  very  slightly,  effect  of  driving 
oharges.  The  weight  of  hammer  only,  continues  to  be  required  to 
drive  clay  down. 

"  Thursday,  January  5th,  1899.-^  800  lbs.  of  clay  driven.  Weight 
of  hammer  only,  required;  measurements  taken  on  8-in.  pipe  as 
follows : 

9.55  A.  M.     Distance  67.30  ft 1  000  lbs.  clay. 

11.25     "  "        67.22"   ..1000        " 

1.05p.m.  "        67.15"   1000 

2.15    "  "        67.07"  1000 

4.20    "  "        67.00"  1000 

"Saturday,  January  7th,  1899. — 5  100  lbs.  clay  driven;  no  change 
in  measurements  taken  in  8-in.'  pipe: 

9.10  A.  M.     Distance  67.00  ft 1  000  lbs.  clay. 

11.25     "  "        67.00"  1000 

1.25  p.  M.  "        67.00  "   1  000 

2.40    "  "        67.00"  1000        " 

4.10    "  **        67.00"  1000 

"  Flow  of  water  from  8-in.  pipe  clear  and  constant;  shows  no  effect 
of  charge;  driving  with  weight  of  hammer  only. 

"Monday,  January  9th,  1899. — 6  200  lbs.  put  in;  no  change  in 
measurements  in  8-in.  pipe  taken  every  1  000  lbs.  All  show  clay  at 
distance  from  top  of  pipe  of  67  ft.,  or  at  elevation — 32.44.  Flow  of 
water  shows  decided  increase  over  January  7th,  and  runs  steadily  and 
clear,  showing  no  effect  of  ramming.  Weight  of  hammer  only,  required. 
"Tuesday,  January  10th,  1899. — 4150  lbs.  driven.  No  change  in 
measurement  in  8-in.  pipe.  All  show  clay  at  67  ft.  down  from  top  of 
pipe.  Weight  of  hammer  only  used,  no  impact.  Water  flowing  from 
8-in.  pipe  shows  slight  increase  over  yesterday;  runs  clear. 

"Friday,  January  13th,  1899. — Clay  ramming  resumed  to-day. 
Total  driven,  3  750  lbs.     Measurements  taken  in  8-in.  pipe  as  follows: 

10.20  A.  M.     Distance,  67.00  ft 1  000  lbs.  clay. 

12.00m.  "         66.90" 800    "     " 

"The  flrst  1000  lbs.  drove  easily;   requiring  weight  of  hammer 
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only,  but  driving  seemed  to  stiflfen  until,  at  end  of  next  800  lbs.,  a 
slight  drop  of  hammer,  about  5  ins.,  was  required. 

12.40  p.  M.     Distance,  66.86  ft.— 200  lbs.  clay;  still  slight  drop 

of  hammer. 

2.30    '*  ••        ....       —260  lbs.  clay.   Water  in  pipe  rose 

suddenly,  discharging  over 
edge  in  quite  large  volume,  indi- 
cating clay  has  been  forced  up«- 
ward  suddenly;  and  after  this, 
driving  becomes  easier,  weight 
of  hammer  only  required  at: 

2.46  ."  *'        60.90ft.— Rise   6.95    ft.,    260   lbs.   clay. 

Water  was  discharged  as  each 
cylinder  full  of  clay  was  forced 
in,  and  continued  to  flow  be> 
tween  strokes  also,  at  the  rate 
of  about  13|^  galls,  per  minute 
until  3.16  F.  M.,  when  flow 
stopped,  except  as  charge  was 
driven. 

3.50    *'  **        46.95  ft.— Rise,  13.96  ft.     500  lbs.  clay. 

4.40    "  "        37.90  ft.—     **       9.05**      500    **       ** 

•*  Saturday,  January   14th,    1899.— 4  260  lbs.  clay  driven.   Measure- 
ments taken  as  follows: 

9.50  a.m.     Distance,  36.01  ft.— Rise,  2.80    ft.     500    lbs.    clay. 

Water  in  pipe  rises  about  2 
ins.,  when  charge  is  driven, 
dropping  back  again  to  old 
level,  but  does  not  flow  out  of 
the  pipe.  Some  water  noticed 
coming  up  through   back-fill- 


10.46     " 
11.20     *' 
11.66     " 
1.10  p.  M. 
2.16    **  " 

Driving  now  began  to  stiffen  up 
and  at  2.46  a  slight  drop  of 
hammer,  6  ins.,  was  required, 
continuing  for  balance  of  day. 
3.10    '*  **        30.60  ft.— Rise,  1.25  ft.    500  lbs.  clay. 

3.55     **  *'        28.96  **  —   **      1.55   *»    600   **       ** 

4.85     "  "        28.65  "  —   "      0.30  **    260  **      ** 


ing    around   pipe,     evidently 

from  leaky  joint. 

33.70  ft. 

—Rise,  1.40  ft.   600  lbs.  clay. 

32.90  ** 

—    **    0.80   **    600     *•       ** 

32.05  " 

—     **    0.40   **    500     **       ** 

32.20  " 

—     **    0.30  •*    500     "      ** 

31.75  ** 

—     »•    0.26  "     500     **       " 
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*' At  this  time  water  in  pipe  ceased  to  show  any  effect  of  driving 
charge.  This  f.  m.  the  clay  exhibited  remarkable  elasticity,  sometimes 
forcing  the  piston  back  3  ft.  after  driving  charge. 

"Monday,  January  16th,  1899.— Total  clay  driven,  3  400  lbs. 
Beqoired  impact  of  hammer  to  force  clay,  limiting  the  height  of 
stroke  to  6  ins.  About  45  strokes  required  for  the  cylinder,  which  is 
6  ft.  long.  The  clay  is  stiffening  gradually  and  losing  some  of  its  elas- 
ticity, not  springing  back  as  much  after  each  stroke.  Measurements  in 
8-in.  pipe  as  follows: 

7.50  A.  M.     Distance,  28.55  ft .250  lbs.  clay 

8.50     "  ••  28.55*' 5C0    **      *« 

10.00    •*  **  28.55'* 500     "     " 

12.30  p.m.  "  28.55" 500     **      " 

1.35     "  •'  28.55" 500     "      " 

3.50    "  "  28.52" 500    "      " 

4.15    "  "  28.65" 500    "      *' 

"  Tuesday,  January  17th,  1899. — Continued  driving  in  3-in.  pipe 
until  noon;  1  600  lbs.  driven.  No  rise  in  8-in.  pipe  to-day.  Clay 
gradually  stiffening  in  3-in.  pipe  until  it  requires  about  90  strokes, 
none  over  6-in.  drop,  to  force  down  a  cylinder  full.  Shifted  over  and 
started  driving  in  2-in.  pipe  at  Station  5  —  97.5,  3K.,  at  3.35  p.  u. 
Weight  of  hammer  only  used,  carrying  clay  down  very  slowly;  200  lbs. 
of  clay  put  in. 

"Wednesday,  January  18th,  1899. — Continued  at  2-in.  pipe,  Station 

5  -f  87.5,  3  B.  200  lbs.  put  in,  with  weight  of  hammer  only.  At  noon 
this  ceased  to  have  effect,  and  a  few  light  blows,  none  greater  than 

6  ins.,  were  tried.  Shifted  pile-driver  back  again  to  3-in.  pipe  in  p.  m. 
By  means  of  water- jet,  clay  was  removed  from  8-in.  pipe  to  a  depth  of 
about  40  ft.  in  order,  if  possible,  to  start  clay  rising  in  pipe  again 
when  ramming  should  be  resumed. 

*'  Thursday,  January  19th,  1899.— Jetted  out  8-in.  pipe  to  a  depth 
of  40.8  ft.  from  top  when  jet  stopped  short  and  seemed  to  bring  up 
on  small  spa  wis  or  gravel.  Besumed  ramming  at  11.00  a  m.  in  3-in. 
pipe,  using  about  5-in.  drop  of  hammer.  Clay  working  very  stiff,  requir- 
ing about  240  strokes  to  drive  charge  (6-f t.  cylinder) ;  500  lbs.  put  in. 
Total  rise  in  pipe,  0.5  ft.,  from  40.8  to  40.3.  Ordered  clay  driving 
stopped. 

"Friday,  January  20th,  1899.— Drove  100  lbs.  of  clay  in  3-in.  pipe 
to-day,  somewhat  easier  than  yesterday.  This  was  done  for  the 
information  of  members  of  the  American  Society  of  Civil  Engineers 
who  visited  the  work  to-day. 

"Saturday,  January  2l8t,  1899. — Besumed  jetting  in  8-in.  pipe  in 
endeavor  to  increase  depth  of  jetting  to  at  least  20  ft. 

"  Monday,  January  23d,  1899. — Succeeded  in  jetting  out  8-in.  pipe 
to  a  depth  of  60  ft.  below  top.     At  this  point  jet  pipe  brought  up  on 
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what  seemed  to  be  a  bed  of  gravel.  The  flow  from  the  S-in.  pipe 
increased  when  this  point  was  reached. 

''Tuesday,  January  24:th,  1899. — Resumed  driving  in  3-in.  pipe; 
350  lbs.  put  in  by  means  of  short  drops  of  hammer,  none  over  6  ins. ; 
320  short  drops  required  to  force  down  piston  (6-ft.  cylinder).  No  rise 
of  clay  in  8-in.  pipe  or  any  indication  of  so  doing.  Ordered  clay  drive- 
ing  stopped." 

It  seemed  to  be  apparent  that  the  cavity  at  the  foot  of  the  3-in.  pipe 
was  well  filled  with  clay,  and  it  was  probably  due  to  some  obstruction 
in  the  8-in.  pipe,  such  as  spawls  or  gravel  which  had  been  forced  in 
with  the  clay,  that  there  was  no  longer  any  rise  in  the  vertical  section. 
The  total  amount  of  clay  used  in  this  driving  is  as  follows : 

2-in.  pipe.  Station  6  +  02,     32.4  L 395  lbs. 

2.in.  '*  *'        6+03,     17.7L 369  " 

2-in.     "  "        6+02,      9.7  L 1 012   " 

3-in.     **  "        5  +  96,    12.5  R 64  775   *' 

2.in.     **  "        5+97.5,3     R 400** 

Total 66  951  lbs. 

06  951  +  113  =  592.5  cu.  ft.  or  21.9  cu.  yds. 

The  total  amount  of  clay  thus  driven  into  the  pipes  and  cavity  was 
nearly  22  cu.  yds.  The  60  ft.  in  depth  of  the  outer  8-in.  pipe  which 
had  been  jettied  out,  was  afterward  filled  with  clay  and  gravel  rammed 
in  by  hand,  and  the  flow  through  it  was  stopped. 

The  work  of  tearing  out  the  ruptured  masonry  due  to  driving  clay 
through  one  of  the  2-in.  pipes  was  immediately  started,  and  in  all 
about  130  cu.  yds.  were  taken  out  in  following  the  fissures  and  cracks 
until  they  wholly  pinched  out.  It  was  assumed  in  the  beginning  that 
the  trouble  lay  in  the  joint  between  the  upper  or  surface  course  of 
masonry  at  this  point,  which  had  been  laid  in  Portland  cement,  and 
the  masonry  below,  which  had  been  laid  in  slower  setting  natural 
cement,  and  this  proved  to  be  the  case;  as  it  was  found  on  investigat- 
ing around  the  pipe  from  which  the  cracks  radiated  that  its  upper 
section  and  length,  of  something  more  than  5  ft.  in  all,  had  not  been 
joined  or  coupled  with  the  section  below  when  placed,  and  that  there 
was  a  space  of  1  in.  or  more  between  the  ends  of  the  two  pipes,  which 
had  allowed  the  clay,  under  the  iufiuence  of  the  very  hard  driving,  to 
force  its  way  into  the  partly  set  mortar  which  surrounded  the  joint. 
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¥iQ.  1.— August  IOth,  1897.    b£AM  at  Station  4-^-56,  Looxnfo  East. 


Fio.  2.— October  22d,  1897.    Okneral  View  from  Berm,  at  Elevation  115. 
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The  course  of  Portland  cement  mortar  was  about  3  ft.  thick.  It 
was  found  that  this  upper  joint  of  pipe  had  lifted  probably  1}  ins. 
from  the  joint  below  at  the  point  of  coupling.  This  must  have  taken 
place  at  first  when  the  heavy  ramming  caused  the  rupture  in  that  part 
of  the  pipe  to  which  the  clay  cylinder  was  coupled,  and  which  pro- 
jected above  the  top  of  the  masonry.  The  length  of  this  projecting 
part  was  about  1  ft.  and  the  parting  of  the  joints  was,  of  course,  at  the 
lower  end  and  about  4  ft.  4  ins.  below  the  masonry  surface. 

Adjacent  to  and  on  the  level  of  this  open  joint  in  the  pipe  was  the 
bed  joint  of  a  stone  laid  in  Bosendale  cement  mortar.  The  stone  was 
about  5  ft.  long,  20  ins.  wide  and  15  ins.  in  thickness.  The  clay  was 
found  to  have  been  forced  between  the  under  surface  of  the  stone 
and  its  mortar  bed.  The  clay  bed  was  about  1^  ins.  thick,  and,  con- 
tinuing beyond  the  base  of  this  stone,  it  rose  through  the  joipts  along 
the  sides,  finding  its  way  then  along  the  top  of  the  course  of  which  the 
stone  just  mentioned  formed  a  part,  and  lifting  the  course  above, 
which  had  been  laid  in  Portland  cement  mortar,  and  was  fairly  well 
set.  The  first  stone  mentioned  was  the  only  one  laid  in  Bosendale 
cement  that  was  found  to  have  been  disturbed  in  its  bed,  and  the  main 
crack  was  everywhere  along  the  junction  of  the  two  cement  mortars. 

The  longest  horizontal  radius  through  which  the  clay  was  found  to 
have  worked  was  about  5}  ft.  around  the  pipe,  and  it  worked  up  verti- 
cally through  the  mortar  joints,  and  especially  along  the  pipe,  about  3 
ft.  The  vertical  cracks  showing  in  the  masonry  surface  were  traced  in 
some  directions  for  12  ft.,  where  the  width  showed  about  0.005  ft. ;  but 
the  upper  masonry  course  was  taken  out  to  a  considerably  greater 
distance  toward  and  to  the  up-stream  face  of  the  dam,  where  the 
seepage  of  water  through  the  exposed  bed  joints  of  one  or  two  stones 
in  this  upper  course  indicated  that  the  horizontal  crack  had  extended 
with  no  vertical  surface  crack  above  to  call  attention  to  it.  The  clay 
bed,  thus  forced  under  the  masonry,  was  found  to  be  fan-shaped, 
extending  5i  ft.  from  the  pipe  in  one  direction  and  about  4  ft.  sideiirays 
on  each  side.  In  the  other  direction  its  course  was  arrested  by  a  large 
stone  which  offered  no  mortar  joint  that  could  be  followed.  The  bed 
varied  from  1}  ins.  to  }  in.  in  thickness.  It  was  found  to  consist  of  an 
aggregate  of  very  thin  laminations  which  showed  clearly  throughout 
the  extent  of  the  bed  and  indicated  the  extremely  gradual  way  in 
which  the  rupture  was  produced. 
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Fig.  11  shows  in  plan  and  sections  the  area  of  the  masonry  which 
had  to  be  taken  np,  as  well  as  the  location  and  extent  of  the  clay  bed, 
the  cracks  and  the  particular  joints  and  stones,  sketched  during  the 
work  of  rectifying  the  damage  done. 

The  Main  Dam  Foundation  Mabonby. 

The  layii^g  of  the  foundation  masonry  began  on  May  28th,  1896,  in 
the  bottom  at  Station  8  +  50,  as  soon  as  a  sufficient  area  of  bottom  was 
ready  to  warrant  it,  and  by  the  end  of  that  season  nine  gangs  of 
masons  were  at  work.  This  involved  the  use  of  eleven  or  twelve 
derricks  to  allow  for  iime  lost  in  shifting  derricks  as  well  as  for  chang- 
ing gangs  from  one  point  to  another,  owing  «to  frequent  changes  in  the 
location  of  sumps  and  subsidiary  pumps  which  the  maintenance  of 
drainage  made  necessary.  In  the  following  season  (1897),  the  number 
of  gangs  was  increased  to  17  on  the  foundation,  as  the  season  pro« 
gressed,  and  the  total  number  of  derricks  in  use,  including  those  on  the 
side  slopes  foi  passing  material  from  the  tracks,  was  about  thirty. 

The  type  of  derrick  in  general  use  is  the  *< stiff  leg*'  derrick. 
Having  no  guys,  these  derricks  did  not  interfere  with  the  cable  service 
and  they  were  easily  moved  by  means  of  the  cable,  without  being 
separated  from  stiff  legs  and  platforms. 

The  setting  of  the  first  stone  in  the  main  dam  foundation  is  shown 
in  Fig.  2,  Plate  ILL  The  bottom  courses  were  laid  in  Portland  cement 
(2  to  1),  the  vertical  thickness  of  this  work,  varying  from  4  ft.  up, 
depending  upon  circumstances  and  particularly  upon  the  amount  of 
seepage  through  the  fissures  in  the  rock  and  the  work  necessary  to 
temporarily  dam  up  and  divert  such  flows  until  the  masonry  was  old 
enough  and  high  enough  to  enable  them  to  be  blocked  off  permanently. 

The  rock  bottom  was,  in  all  cases,  very  thoroughly  washed  and 
cleaned  with  brushes  and  brooms,  and  was  then  *' painted"  with  a 
grout  of  neat  Portland  cement,  applied  with  brushes,  and  which  was 
allowed  to  set  before  work  was  done  upon' it.  This  grout  was  for  the 
purpose  of  filling  all  small,  fine,  open  cracks,  seams  and  erosion b> 
which  were  not  of  sufficient  size  or  importance  to  warrant  special 
treatment  with  the  grout  pump  or  box,  and  about  356  bbls.  of  Portland 
cement  were  used  in  this  way  on  the  main  dam  foundation  and  14  bbls. , 
up  to  date,  on  the  core-wall  and  overfiow  foundations. 

Owing  to  the  extreme  unevenness  of  the  rock  bottom  as  prepared. 
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the  numerous  spring  holes  which  had  to  be  temporarily  dammed  in 
order  to  divert  their  flows  nntil  such  time  as  they  could  be  choked  off, 
and  the  number  of  grout  pipes  to  be  placed,  and  in  some  cases  kept  in 
place  for  months  before  the  grouting  could  be  done,  the  first  season's 
work  on  the  bottom  masonry  was  done  under  difficulties,  and  the 
general  progress  up  to  January  1st,  1897,  was  between  Station  7  +  12 
and  Station  9  -f-  62,  covering  the  full  width  of  the  dam  and  varying  in 
depth  or  height  above  the  bottom  from  10  to  40  ft.  In  all,  about 
37  000  ou.  yds.  were  laid. 

In  the  following  year,  the  masonry  was  extended  over  the  whole 
bottom,  with  the  exception  of  a  narrow  strip  near  the  river  wall  at 
Stations  10  +  00,  used  as  the  foundation  of  a  trestle  work  in  connec- 
tion with  the  supply  tracks,  and  a  comparatively  small  area  in  the 
center  of  the  wall,  at  about  Station  7  +  50,  which,  during  the  latter 
part  of  the  season,  was  used  as  a  sump-hole  for  the  main  pumps,  the- 
surrounding  masonry  forming  the  sides.  During  that  year  the  amount 
of  masonry  laid  in  the  foundation  was  about  115  000  ou.  yds.,  and  at 
certain  points  it  had  risen  to  a  considerable  height,  particularly  over 
the  points  at  which  the  work  was  started  during  the  preceding  season. 
The  width  of  the  foundation  to  be  laid  was  about  200  ft.,  and  the- 
derricks  were  arranged  in  batteries  of  four  abreast  across  the  line  of 
the  dam,  the  plan  being  to  build  in  racks  to  a  convenient  height  and 
then  to  move  the  derricks  forward  in  batteries.  In  this  way  successive^ 
racks  or  steps  were  gradually  formed  for  the  full  width  of  the  work, 
varying  from  17  to  15  ft.  in  height  and  from  35  to  40  ft.  in  width  or 
depth,  horizontally,  with  the  derricks  moving  from  the  ends  toward  the 
middle  of  the  foundation.  This  arrangement  is  shown  in  Fig.  2,  Plate^ 
X,  but,  owing  to  circumstances,  it  was  not  until  the  end  of  the  second 
season's  work  that  it  could  be  said  that  the  plan  had  been  fully 
developed  and  put  in  complete  working  order. 

The  faces  or  step  courses  of  these  racks  were  limited  to  rises  of  3  f t. ,. 
with  about  the  same  treads,  making  the  slope  of  the  rock  nearly  1  : 1» 
Care  was  taken  to  avoid  long  straight  joints  across  the  dam,  between 
successive  racks,  by  varying  the  lines  of  their  faces  at  intervals  with 
*' scallops  "  or  heavy  **  returns." 

By  the  end  of  the  second  season,  the  main  foundation  had  risen 
high  enough  above  the  bottom  to  be  drawn  in  to  its  neat  lines  at 
all  points  and  to  afford  a  parapet  which   retained  the  wash  from 
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Fio.  1.— March  Sd,  1890.    Dam,  fbom  Hillbidb  Near  Spub  Road,  Lookimq  t>ouTH. 


Fio.  2.— JuHB  82d.  1896.    Up-Strbam  Side,  Station  8  +  70  i:,  Showimo  Johits  Raked 
Out  for  Ponrrnio. 
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the  earth  slopes  and  enabled  the  refilling  work  to  be  started.  On  the 
np-stream  side,  the  masonry  face  was  drawn  to  its  neat  lines  as  soon 
as  practicable  upon  leaving  the  rock  bottom,  thongh  this  inyolyed  a 
considerable  depth  of  re-fill  between  the  masonry  and  rock  face,  par- 
ticularly at  the  deeper  points  where  the  rock  was  disintegrated  and 
had  broken  back  of  the  excavation  lines. 

On  the  down-stream  side  the  masonry  toe  was  built  solid  to  the 
rock  face  up  to  the  surface,  when  it  was  drawn  in  to  the  neat  lines 
planned.  This  junction  with  the  rock  face  was  made  still  more  com* 
pact,  as  noted  in  the  description  of  the  **  grouting,"  by  filling  with 
grout  the  eroded  seams  showing  in  the  rock  face  as  the  toe  masonry 
was  built  up. 

As  above  stated,  the  courses  adjacent  to  the  rock  bottom  were  laid 
in  Portland  cement,  a  2  to  1  mortar  mixture  being  used.  The  special 
purpose  was  to  obtain  a  quick-setting  mortar  and  thus  avoid,  to  as 
great  an  extent  as  possible,  any  wash  or  trouble  from  seepage  and  flows 
through  the  bottom  which  had  been  choked  off.  Above  these  courses, 
and  for  the  great  bulk  of  the  warm  season's  work,  American  cement, 
mixed  2  to  1,  was  used.  Ihiring  the  winter  months,  Portland  cement, 
3  to  1  mixture,  was  substituted  for  the  American  cement,  and  work 
was  carried  on  steadily  on  pleasant  days  when  it  was  not  too  cold. 

Care  was  taken  to  lay  no  masonry  on  days  when  the  temperature 
was  steadily  below  the  freezing  point,  and  on  cold  nights  and  morn- 
ings brine  and  warm  water  were  used  in  mixing  mortar,  and  the  sand 
during  the  whole  season  was  heated  and  dried  in  large  boxes  furnished 
with  steam  coils  arranged  for  that  purpose.  Care  was  also  taken  to  cover 
fresh  work  at  night  with  brine,  salt  and  canvass,  and  to  thoroughly 
clean  its  surface  and  joints  in  the  morning  with  steam  and  hot  water 
in  order  that  all  frozen  dirt  and  mortar  scale  might  be  removed.  All 
stones  and  spawls  used  in  cold  weather  were  also  thoroughly  cleaned 
and  washed,  and  thawed  out  with  hot  water  and  steam;  pipes  for  both 
being  provided  for  each  gang  of  masons  employed. 

The  stone  used  for  the  rubble  masonry  is  quarried  from  a  rocky  hill- 
side in  the  Valley  of  Hunter's  Brook,  a  tributary  of  the  Groton  Biver, 
at  A  point  about  2  miles  above  the  dam.  This  stone  is  classed  by 
geologists  as  ''  gabro  "  rock,  or,  commercially,  as  a  dark  colored  granite, 
although  it  is  without  quartz  and  has  a  large  amount  of  hornblende  in 
its  composition.     It  is  very  hard  and  tough,  as  well  as  heavy,  and 
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weighs  185  lbs.  per  cu.  ft.  The  quarrr  is  connected  with  the  dam  by 
a  railroad,  and  the  stone  is  quarried  and  sent  down  in  large  blocks 
varying  in  size,  ordinarily,  from  1  to  3  en.  yds.,  although  the  greater 
limit  is  not  reached  commonly.  Stones  even  of  larger  size  have  been 
famished  occasionally,  bnt  difficulty  in  handling  them  renders  such 
sizes  undesirable. 

The  spa  wis  and  small  *'  chunks"  are  furnished  from  quarries  along 
the  line  of  the  railroad  nearer  the  dam,  and  are  of  the  country  rock, 
a  laminated  gneiss. 

In  laying  the  stone,  care  is  taken  to  see  that  each  stone  has  been 
thoroughly  cleaned  and  washed  with  water  in  summer  and  steam  in 
winter.  The  stone  is  bedded  in  a  heavy  bed  of  mortar  in  which  flat 
spa  wis  have  been  placed  to  ''make  up  "  to  such  hollows  or  deficiencies 
as  may  be  apparent  in  the  bed  of  the  stone.  The  stone  in  question  is 
then  raised,  and  the  imprint  it  has  made  in  the  mortar  bed  is  used  as 
a  guide  to  complete  the  necessary  making  up;  additional  mortar  is 
then  placed  over  the  new  bed  and  the  stone  is  lowered  again  into 
place,  care  being  taken  to  place  it  exactly  as  it  was  before.  It  is  then 
shaken  down  by  bars  placed  successively  at  different  ends  of  the  stone 
until  the  mortar  underneath  is  pressed  out  on  all  sides,  when,  if  it  is 
apparent  that  it  **  floats  "  freely  without  touching  the  spawls  or  stones 
below,  it  is  allowed  to  remain.  Should  there  beany  doubt  about  this, 
however,  it  is  taken  up  a  second  time,  or  as  often  as  is  necessary  to 
insure  a  thorough  and  tight  bedding,  well  made  up  and  with  the  min- 
imum of  mortar  left  in  necessary  to  the  result  wished. 

The  spaces  around  these  stones  are  then  carefully  fllled  with  mortar 
into  which  smaller  stones  and  spawls  are  hammered,  care  being  always 
taken  that  no  small  stone  shall  be  hammered  into  place  unless  there  is 
an  ample  bed  of  mortar  under  it.  All  old  work  is  thoroughly  cleaned 
with  brooms  and  washed  with  water  before  fresh  work  is  built  upon  it. 
It  is  also  carefuUy  sounded  with  iron  rods  to  make  sure  that  no  small 
stones  or  spawls  have  been  loosened  in  the  bed.  In  cold  weather  the 
precautions  necessary  in  building  on  old  work  are  greater,  as  mortar 
more  or  less  frozen  and  disintegrated  is  commonly  found  on  the  sur- 
face and  the  d^pth  of  spawls  liable  to  be  loosened  is  much  greater. 

The  general  character  and  appearance  of  the  masonry  in  the  racks 
is  shown  in  Fig.  2,  Plate  XTE.  The  stones  were  of  such  size  that  an 
average  rise  of  3  ft.  in  the  courses  was  readily  maintained.     On  the 
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Fio.  1.— Masoh  87th,  1899.    Spillway  and  Cboton  Kiyeb.  Looking  East. 


Fio.  2.— Mat  97th,  1897.    Main  Dam  Masonry. 
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down-stream  side  the  batter  called  for  by  the  theoretical  sectioiiB  was 
obtained  by  stepping.  For  this  purpose  selected  stones  were  of 
course  necessaiy.  The  quality  and  appearance  of  this  work  are  shown 
in  Fig.  1,  Plate  XI.  The  steps  were  laid  out  with  rises  of  from  24  to 
30  ins. ,  the  latter  limit  preponderating,  and  the  whole  of  the  step  is 
built  outside  the  neat  batter  line. 

On  the  up-stream  face  all  joints  were  raked  out  2  ins.  in  depth  and 
were  then  pointed  up  with  Portland  cement,  mixed  1  to  1.  This  in- 
cludes also  the  core- wall  and  spillway  masonry  as  well  as  the  founda- 
tions of  the  main  dam.  Fig.  2,  Plate  XI,  shows  a  section  of  the 
up-stream  face  of  the  main  dam,  in  which  the  joints  have  been  raked 
out  and  are  ready  for  pointing. 

The  foundation  masonry  laid  to  date  in  the  spillway  was  laid  in 
1895,  since  which  time  nothing  further  has  been  done.  It  is  shown  in 
Fig.  1,  Plate  XII.  The  masonry  work  of  the  lower  part  of  the  core-wall 
was  begun  early  in  the  history  of  the  dam  work  at  the  extreme  south 
end,  and  was  so  prosecuted  that  by  the  time  the  masonry  of  the  main 
dam  foundation  had  reached  the  point  of  junction  with  the  core- wall 
there  were  only  100  ft.  of  wall  foundation  to  be  done  to  complete  the 
connection.  This  has  since  been  done,  and  the  wall  is  being  built  up 
to  the  surface  of  the  trench  excavated  for  it. 

The  refilling  against  the  main  dam  foundations  calls  for  no  special 
comment  except  in  one  instance  where,  on  the  up-stream  side  between 
Station  6  -f  12.5  and  Station  6  -f  62.5,  the  bad  rock  forming  the  face  of 
the  excavation  at  this  point  continued  to  fall  into  the  pit,  breaking 
back  of  the  original  excavation  lines,  after  the  excavation  had  reached 
the  bottom,  and  while  the  up-stream  face  of  the  masonry  was  building. 
By  the  time  this  masonry  had  reached  a  height  sufficient  to  be  out  of 
danger  from  the  gradually  falling  rock,  a  large  mass  of  the  latter  had 
fallen  in  behind  the  wall  at  the  bottom  into  the  space  which  during 
this  time  had  been  used  as  a  sump.  It  was  impracticable  to  get  this 
material  out,  as  the  overhanging  rock  made  it  too  dangerous  for  men 
to  attempt  it  without  very  thorough  protection  from  above,  and  it  was 
at  the  same  time  extremely  desirable  to  have  at  this  point  and  eleva- 
vation  especially  compact  back-filling,  rather  than  a  large  quantity  of 
loose  rock. 

The  plan  and  sections  in  Fig.  10  show  the  extent  to  which  the  rock 
broke  back  of  the  lines  and  the  amoimt  and  extent  of  the  broken  rock 
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or  debris  Trhioh  fell  in  from  above  while  the  masonry  wall  was  being 
carried  up. 

This  space  was  used  as  a  sump-hole,  the  suction  pipe  being  kept  at 
a  low  elevation  at  about  Station  6  +  20,  at  which  point  the  rock  slope 
stood.  The  water  flow  through  the  face  of  the  rook  was  very  free,  as  the 
face  was  fuU  of  open  fissures,  particularly  through  that  part  of  the  face 
shown  in  the  plan  as  furthest  to  the  right.  This  formed  quite  a  re- 
cess, and  through  it  came  at  this  time  most  of  the  flow  pumped  from 
the  up-stream  side  of  the  dam. 

This  water  flow  brought  a  large  amount  of  fine  silt  with  it,  and  it 
was  reasonable  to  suppose  that  the  debris  at  the  bottom  and  along  the 
wall  was,  in  the  course  of  time,  filled  with  it.  It  was  found  impos- 
sible to  force  pipes  through  the  debris  to  the  bottom  to  test  this,  and 
two  holes  were  therefore  drilled  through  the  masonry  at  such  positions 
and  angles  as  to  reach  low  points  in  the  filling.  These  holes  are 
shown  on  the  plan  and  sections.  Drilling  them  was  a  matter  of  con- 
siderable difliculty,  but  they  were  finally  forced  through,  but  filled 
immediately  with  fine  silt  forced  in  from  below,  and  no  grout  could  be 
pumped  into  them.  Two  other  holes  were  started  in  this  vicinity,  for 
the  same  purpose,  but  could  not  be  carried  through. 

In  making  further  attempts  to  prove  the  compactness  or  otherwise 
of  this  mass  of  debris  the  surface  shown  in  the  plan  to  the  left  of  the 
dotted  line  was  covered  with  several  feet  of  fine  sand  and  gravel  after 
the  pipes  indicated  had  been  forced  into  the  mass  as  far  as  possible, 
which  in  some  cases  was  5  or  6  ft. 

The  inflowing  water,  as  stated  above,  showed  itself  particularly  in 
the  space  to  the  right  of  the  dotted  line,  in  which  no  gravel  was 
placed.  The  pump  suction  back  of  the  wall  at  about  Station  6 +00 
kept  the  water  well  below  the  general  surface  of  the  debris  which  had 
been  covered  with  gravel,  and  into  three  of  the  eleven  pipes  17}  bags  of 
American  cement  (1  to  1  mixture)  were  pumped  as  shown.  The  other 
pipes,  which  were  tried  later,  would  take  nothing,  and  the  job  was 
finally  completed  by  pouring  a  large  amount  of  grout,  30  bags  of 
American  cement  (1  to  1  mixture),  into  the  water  space  back  of  the 
dotted  line.  This  pouring  was  kept  up  until  the  water  flow  was. 
stopped  at  the  point  under  treatment,  and  was  forced  through  other 
seams  in  the  rock  face  more  directly  to  the  sump -hole  which  was  back- 
filled later  with  gravel  and  sand  in  the  ordinary  way. 
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ThB  PuMFINO  FOB  THE  MaIN  DaM  FOUNDATION. 

The  work  of  pumping  began  in  April,  1895,  a  lO-in.  two-ojlinder 
Worthington  pump  being  installed  at  first.  It  was  placed  as  near  the 
sump  as  possible,  and  was  fed  from  boilers  placed  at  the  top  of  the 
slope  on  the  down-stream  side,  not  far  away.  Two  100  H.-P.  boilers 
were  installed  at  this  time.  This  number  was  increased  later  to  four 
in  all,  and  at  certain  times,  when  the  demand  for  steam  for  the  pumps 
was  heavy,  but  little  outside  use  was  made  of  the  boilers,  although 
the  excess  in  boiler  power  was  at  least  one,,  when  they  were  all  work- 
ing at  their  full  capacity.  As  a  rule,  however,  the  whole  four  were 
kept  continuously  in  use,  working  moderately  after  the  lO-in.  pump 
had  been  replaced,  a  few  months  after  its  installment,  by  a  12-in.  com- 
pound, double-cylinder  pump  of  the  same  make,  to  which  two  others 
of  the  same  size  were  added  later. 

With  this  f prce  of  three  large  pumps  two  were  kept  at  work  at 
moderate  speed,  while  the  third  was  held  in  reserve,  and  the  lO-in. 
pump  kept  either  as  additional  to  the  reserve  or  at  times  used  in  con- 
nection with  a  number  of  smaller  auxiliary  pumps  which  were  con- 
stantly in  use  during  the  excavation  work  and  until  the  foundation 
masonry  was  complete,  pumping  from  various  points  in  the  bottom  to 
the  main  sump.  From  the  beginning  of  pumping  operations  until 
November,  18d8,  the  main  pumps  were  kept  on  or  near  the  lower  or 
down* stream  slope  of  the  main  cut,  and  the  sump  was  maintained  near 
by,  either  on  the  natural  bottom,  or,  as  happened  during  one  winter,  in 
a  large  hole  left  in  the  bottom  masonry  at  a  low  elevation  near  the 
down-stream  toe  of  the  dam. 

It  was  extremely  inconvenient  at  times  to  have  to  limit  main  pump- 
ing operations  to  one  point  and  to  be  obliged  to  lift  all  the  water  from 
the  auxiliary  pumps,  in  some  cases  over  the  low-lying  portions  of 
recently  laid  foundation  masonry,  but  the  risks  to  main  steam  pipes 
laid  across  the  dam  would  have  been  too  great,  either  before  or  after 
the  beginning  of  the  mason  work,  while  the  water  flow  was  large.  The 
discharge  was  ordinarily  through  a  system  of  four  pipes  12  ins.  in 
diameter,  two  of  which  were  laid  through  the  lower  wing-dam  at 
a  low  elevation  and  two  through  the  river  wall  at  a  somewhat  higher 
elevation.  By  this  means  a  considerable  lift  was  avoided,  the  top 
of  the  wing-dam  being  in  the  first  case  about  20  ft.  above  the  pipe 
openings. 
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TABLE  No.  1. — Mean  Monthlt  Temperatures  Obsebyed,  in  Dborebs, 

Fahrenheit. 


(1) 

(») 

(3) 

(*) 

(») 

(•) 

(7) 

Appboxixatb  Locations  of  Obberyations 

Date. 

8  +  SO 

6+50 

7+60 

7  +  70 

7  +  00 

195  L. 

86  R. 

800  L. 

30  L. 

18  R. 

8+10 
.      l«i  L. 

6  +  00 
80  R. 

6  +  00 
TOR. 

In  ChanneL 

6+80 

80  R. 

Cave. 

River. 

1            ° 

o 

0 

o 

0 

0 

Feb.,   1896 

'        44.1 

50.8 

86.8 

Mar.,      " 

42.8 

60.8 

86.0 

t^y,   ":::;::: 

46.(1 

61.0 

.... 

51.6 

!        50.0 

68.7 

June,     "  

61.5 

54.0 

July,      •■  

66.7 

58.8 

51.8 

88.0 

Aug.,     -  

61.0 

68.0 

60.0 

78.0 

Sept.,     -  

,        68.0 

61.5 

66.0 

68.0 

78.0 

Oct.,       " 

67.0 

68.0 

66.0 

64.0 

.... 

Nov.,      " 

64.7 

60.0 

60.0 

56.0 

Dec.,      " 

56.6 

58.6 

68.8 

56.6 

67.6 

86.6 

Jan.,    1897 

56.0 

51.0 

67.0 

68.0 

66.0 

84.0 

Feb.,      -  

60.0 

60.0 

50.0 

60.0 

68.0 

Mar.,     " 

46.0 

48.7 

48.7 

48.7 

(ffi.O 

40.8 

May;      "  '.','.'.','.'. 

42.7 

48.0 

46.8 

47.8 

61.8 

,, 

48.0 

.... 

48.0 

48.0 

61.0 

66.0 

June,     **  

64.0 

56.0 

'    58.0 

64.0 

64.0 

76.0 

July,     "  

66.0 

66.6 

640 

58.6 

66.8 

76.0 

Aug.,     "  

68.7 

60.7 

64.7 

68.0 

61.7 

78.0 

Sept.,     "  

71.2 

68.7 

71.8 

66.8 

66.8 

74.8 

Oct.,      "  

69.6 

64.4 

69.6 

64.8 

66.8 

64.6 

Nov.,     *»  

66.6 

68.6 

67.0 

68.0 

64.0 

47.7 

Dec.,      " 

61.6 

61.0 

68.6 

60.8 

68.0 

40.0 

Jan.,    1898 

66.0 

67.0 

60.5 

67.6 

59.6 

88.7 

Feb.,      -  

46.0 

68.0 

53.0 

68.8 

64.7 

87.8 

Mar.,      "  

48.0 

68.8 

49.0 

61.0 

64.4 

47.6 

^i;   ::::::::: 

46.0 

60.7 

46.8 

49.6 

61.7 

51.0 

49.2 

68.0 

49.5 

50.0 

61.8 

60.6 

June,     "  

64.4 

64.4 

56.4 

61.6 

60.8 

74.4 

July,      '* 

61.7 

6U.0 

58.7 

68.8 

61.0 

80.O 

Aug.,     " 

64.1 

60.0 

68.0 

66.8 

58.6 

78.8 

Sept.,     "  

68.0 

68.8 

66.0 

69.8 

64.4 

78.8 

Oct.,      "  

68.2 

67.0 

68.6 

60.6 

64.0 

68.6 

Nov.,      " 

68.0 

66.8 

57.0 

68.0 

49.7 

Dec.,      " 

66.0 

.... 

66.0 

.... 

68.0 

89.0 

Yalves  at  the  outer  ends  of  the  lower  pipes  secured  the  work  from 
the  possible  danger  of  back  flow  when  the  water  was  high  in  the  river. 
In  December,  1898,  one  of  the  main  pumps  was  placed  on  the  up- 
stream side  of  the  dam  wall,  which  bv  this  time  had  been  carried  all 
the  way  across  the  valley  and  up  to  a  considerable  height  above  the 
bottom,  and  two  were  kept  on  the  down-stream  side,  steam  for  the 
former  being  carried  across  the  foundation  wall.  By  this  time  the 
amount  of  water  to  be  pumped  had  decreased  materially,  as  a  large 
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amount  of  back-filHng  had  been  done  on  both  sides  of  the  dam,  and 
the  elevations  of  the  sump-holes  had  been  raised. 

During  the  progress  of  the  main  dam  excavation  it  was  early  notice- 
able that  the  flow  into  the  sump-holes  seemed  to  come  from  particular 
points  on  the  gravel  slopes,  following  the  toes  of  the  slopes  down,  as 
the  depth  of  excavation  increased.  This  was  noticeable  on  both  the 
up-stream  and  down-stream  sides,  and  the  flow;s  or  springs  continued 
to  be  identified  easily  as  the  work  progressed  and  the  outline  of  the 
foundation  masonry  was  completed,  and  the  flows  or  springs  on  the 
upper  or  lower  side  were  separated.  These  flows  were  confined  to  the 
gravel  slopes,  through  which  they  came  freely,  and  as  the  back-filling 
was  gradually  raised  they  were  forced  back  up  the  slopes  to  the 
vicinity  of  the  points  where  they  had  originally  shown  themselves. 

At  the  south  end  of  the  main  cut  and  along  the  sides  near  the  end, 
where  the  slopes  were  nearly  all  hardpan,  practically  no  water  was 
encountered,  although  there  was  a  considerable  area  of  gravel  and 
boulder  slope  under  the  hardpan  near  the  south  end  of  the  side  slopes 
on  the  ** quarters."  There  was,  however,  a  considerable  seepage 
through  the  lower  half  of  the  very  high  hardpan  slope  at  the  south 
end  which,  particularly  in  winter,  through  the  frost  and  thaws,  caused 
a  good  deal  of  gradual  sloughing  off  of  the  bank,  although  at  no  time 
was  the  amount  of  seepage  enough  to  cause  a  definite  flow  from  the 
slope. 

A  long  series  of  observations  of  the  temperatures,  Table  No.  1, 
taken  at  the  points  where  the  flows  were  best  defined,  is  of  interest  as 
indicating,  perhaps,  some  differences  in  the  causes  and  origins  of  the 
various  flows  observed. 

In  Table  No.  1  are  shown  six  series  of  observations,  including  one 
in  the  river  channel.  In  Column  No.  2  the  observations  were  of  a  flow 
on  the  down-stream  side  of  the  main  cut,  at  the  point  nearest  to  the 
up-stream  toe  of  the  lower  wing-dam.  In  Column  No.  3  the  flow 
observed  was  near  the  point  on  the  up-stream  side  where  the  heavy 
flow  or  spring  at  Station  5  -f  95  was  in  time  developed,  and  it  is 
assumed  that  this  flow  was  the  same,  practically,  that  showed  in  the 
spring  when  it  was  reached.  In  Column  No.  4  the  observations  are  of 
a  flow  developed  on  the  down-stream  slope  some  distance  from  the 
flow  in  Column  No.  2.  In  Column  No.  5  the  flow  was  from  the  large 
cave  at  Station  7  -f  70  =h  on  the  up-stream  side.     The  flow  of  Column 
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No.  6  was  also  on  the  up-stream  side,  and  the  observations  were  taken 
at  first  in  a  large  well-hole  which  was  built,  temporarily,  near  the  up- 
stream face  of  the  masonry,  and  later  from  the  flow  which  showed  out- 
side the  masonry  line  after  the  well  was  filled  up  and  th6  water  forced 
outside  of  the  masonry  limits. 

The  stations  at  the  heads  of  the  various  columns  show  the  approx- 
imate locations  of  the  points  of  flow  at  which  the  temperatures  were 
taken.  In  some  cases  there  were  variations  of  location  at  intervals 
owing  to  the  shifting  of  the  springs  from  various  causes,  such  as  a 
deepening  of  the  excavations  in  the  vicinity,  or,  as  in  the  case  of  the 
well  mentioned  in  Column  No.  6,  some  change  in  the  masonry  and  the 
•channels  left  temporarily  in  it.  Column  No.  7  shows  the  temperature 
of  the  water  in  the  river. 

An  examination  of  these  observations  shows  clearly  a  certain  uni- 
formity in  the  flows  from  the  excavation,  particularly  in  regard  to  the 
times  of  extreme  temperatures,  which  occur  in  September  or  October 
and  March  or  April.  It  is  evident  that  there  was  no  direct  connection 
with  the  water  flowing  in  the  river,  and  that  the  two  springs  observed 
on  the  down-stream  side  correspond  closely,  as  might  have  been 
expected,  while  the  other  three  springs  located  on  the  up-stream  side 
are  uniform  in  showing  less  extremes  in  temperature  and  also  a  close 
correspondence  with  each  other.  In  the  river  the  extreme  tempera- 
tures shown  were  in  January  or  February  and  July. 

The  flow  observed  in  Column  No.  3  shows,  however,  but  little  var- 
iation during  the  first  twelve  months,  quite  in  contrast  to  the  others. 
The  observations  during  these  months  were  evidently  of  the  water 
from  the  heavy  spring  which,  when  solid  rock  bottom  was  reached, 
was  found  to  flow  from  the  large  erosion  at  Station  5  +  ^^t  12  ^'  "^^ 
point  at  which  the  temperatures  were  taken  in  this  case  was  some  dis- 
tance from  the  spring  hole  as  finally  defined,  and  the  water  was  then 
piped  for  some  months  directly  to  a  subsidiary  sump. 

Temperatures  of  the  water,  however,  continued  to  be  taken  as  it 
flowed  from  this  pipe  and  later  from  the  pipe  used  to  divert  the  spring 
flow  U>  the  up-stream  side  of  the  masonry.  The  elevation  of  the  out- 
let of  this  pipe  was  increased  gradually  as  the  masonry  and  the  back- 
filling rose,  and  the  observations  were  continued  until  the  clay  driving 
had  stopped  the  flow  of  the  spring.  The  observations  from  January, 
1897,  showed  variations  which  correspond  with  the  variations  observed 
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at  the  other  points  of  flow,  although  they  were  not  bo  mai'ked  in 
degree.  As  this  spring  was  qnite  different  in  its  characteristics  from 
any  of  the  others  coming  originally  from  a  much  greater  depth  and 
with  the  location  of  its  flow  confined  to  one  place  dnring  all  the 
time,  it  is  an  interesting  question  as  to  why,  after  a  year's  nearly 
steady  temperature,  variations  corresponding  with  the  surrounding 
springs  should  develop.  It  may  be  that  after  the  first  twelve 
months  this  spring  flow  was,  to  a  certain  extent,  exhausted,  and  its 
temperature  was  affected  in  a  greater  degree  by  the  increasing 
proportion  of  ground-water  near  its  outlet.  Its  evident  decrease 
in  flow,  as  time  passed,  may  be  one  argument  in  support  of  this 
assumption. 

A  daily  record  of  rainfall,  river  flow  and  pumping  is  shown  on 
Plate  XTTT.  The  rainfall  and  river  gauge  readings  are  shown  from 
September  1st,  1895.  The  pumping  record  is  beg^un  in  October,  1895. 
This  shows  irregularities  for  the  succeeding  eight  months,  which  are 
partly  due  to  lack  of  systematic  observations  and  records  during  that 
time,  and  partly  to  the  frequent  changes  in  the  location  and  elevation 
of  the  pumps,  as  it  was  during  these  months  that  the  increase  in  the 
depth  of  the  sumps  was  the  most  marked.  The  duration  of  each  rain- 
fall is  indicated  as  nearly  as  possible  by  the  span  of  the  bracket,  the 
height  showing  the  total  fall  in  inches.  The  flow  in  the  river  is  indi- 
cated by  observations  taken  at  a  gauge  a  short  distance  below  the 
dam  location,  and  the  diagram  shows  the  depths  of  the  flow  at  that 
point  in  comparison  with  the  low-water  elevation,  which  is  about  at 
gauge  reading  1.70.  The  pump  diagram  is  based  on  the  average  daily 
speed,  in  strokes  per  minute,  of  one  12-in.  pump,  and  all  observations 
within  the  above  time  limits  have  been  commuted  to  this  basis,  as  the 
only  one  by  which  a  direct  comparison  of  the  pumping  work  from 
time  to  time  could  be  had. 

As  to  the  actual  amount  of  water  pumped,  various  tests  of  the 
pump  capacity  were  made  from  time  to  time.  The  10-in.  pump  was 
fitated  by  the  makers  to  have  a  capacity  of  1  500  000  galls,  per  24 
hours,  with  a  maximum  rate  per  minute  of  36  *  strokes.  Each  of  the 
12-in.  pumps,  at  the  same  maximum  rate  of  speed,  had  a  capacity  of 

*  Double  strokes,  or  one  complete  revolution,  or  "  cycle,'*  of  the  pump  action.  The 
capacity  of  each  18-m.  pump  cylmder  for  one  complete  stroke  was  about  29  galls.,  the 
diameter  of  the  piston  being  17  ins.  and  the  length  of  stroke  16  ins.  The  Id-in.  pumps 
were  so  designated  to  agree  with  the  diameter  of  the  discharge  outlet. 
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4  000  000  galls,  per  24  hours.  The  tests  of  the  actual  amount  of  water 
pumped  are  as  follows: 

On  Sunday,  October  27th,  1896,  water  in  the  main  cut  was  allowed 
to  rise  from  Eleyation  7.81  to  Elevation  10.14,  the  limits  between  these 
elevations  having  been  carefully  cross-sectioned.  The  amount  of  in- 
flow was  estimated  as  814  275  galls,  in  7  hours,  or  at  the  rate  of 
2  800  000  galls,  per  24  hours. 

The  pumps  stopped  at  8.40  a.  m.,  and  resumed  work  at  3.40  p.  ic 
The  water  during  this  interval  rose  2  ft.  4  ins.,  or  from  elevation  7.81 
to  10.14,  and  seemed  to  rise  at  a  constant  rate  of  nearly  4  ins.  per  hour. 

*  The  small  Worthington  pump  (1  500  000  galls.)  was  unable  to 
control  the  water  in  the  main  cut  below  Elevation  13.  The  water 
gained  on  the  pump  up  to  this  elevation,  but  was  then  held  constant 
by  the  small  pump. 

On  December  19th,  1898,  an  experiment  on  the  pumping  capacity 
of  one  12-in  Worthington  pump  was  made.  The  result  showed  a 
capacity  of  50  galls,  per  stroke. 

The  experiment  was  made  by  the  use  of  a  large  sump-hole  on  the 
down-stream  side  of  the  main  dam.  One  side  of  this  sump  was  formed 
by  the  wall  of  the  dam,  the  others  by  the  back-fllling  in  progress  at 
the  time  the  experiment  was  made.  The  following  is  a  risumi  of  the 
results.     The  sump  had  been  carefully  cross-sectioned. 

Decembeb  19th,  1898. 
Calculations  to  determine  efficiency  of  pumps  and  amount  of  water 
flowing  into  sump.     12-iD.  pump,  down-stream  sump. 
Capacity  of  sump  between  Elevation  —  2.2 

and  Elevation  —  8.0 287  512      galls. 

Experiment  3.20  p.  m.  to  7.10  p.  m. 
230  minutes. 
At  3.20  P.  M.  the  sump  was  empty,  pumps 

shut  off. 
By  7.10  p.  M.  the  sump  had  been  filled  by 
water  flowing  in  from  springs.     In  230 
minutes  the  amount  of  water  flowing 

in  equals  capacity  of  sump 287  512      galls. 

Flow  per  minute 1  250         ** 


*  Note  taken  at  time  above  ezperimeDt  was  made. 


Digitized  by 


Googk 


Papers.]  GOWEN  ON  FOUNDATIONS   OF  NEW  OROTON  DAIL  67 

Experiment  10.30  a.  m.  to  2.27^  p.  m. 
237^  minuteB. 
Sump  full  at  beginning,  empty  at  end. 
950  815  Gauge  reading  at  2.27}  p.  m. 
939  181  **  **    10.30  A.  M. 

11  634  Number  of  strokes  of  pump  during  experi- 
ment. 
49  Number  of  strokes  of  pump  per  minute. 
Flow  during  experiment 

«  1  250  galls.  X  237i  =  296  876     galls. 

Capacity  of  sump 287  512         " 

Amountpumped 584  387         ** 

Divide  by  number  of  strokes  (11  634)  and 

we  get 50.28    **      per 

stroke. 
Experiment  2.27i  p.  m.  to  3.20  p.  m. 
52i  minutes. 
Sump  empty  at  beginning  and  end. 
952  453  Gauge  reading  at  3.20  p.  m. 
950  815  '*  **      2.27ip.  M. 

1  638  Number  of  strokes  of  pump  during  experi- 
ment.   Multiply  by  50.23   galls,  per 
stroke  and  we  get 
82  277  galls,    pumped    out    during    experiment 

equals  gallons  flowing  in 
82  277  —  52.5  =  1567   galls.    Flow  per  ijiinute 

(when  sump  is  empty) 
1  638  4-  52.5  =  31.2,  average  number  of  strokes 
per  minute. 
Flow  per  minute  with  sump  empty  dur- 
ing experiment 1 667      galls. 

Flow  per  minute  with  sump  empty  at  be- 
ginning and  full  at  end,  or  vice  versa . .       1  250  ** 

Difference 317  " 

Capacity  of  pump  per  stroke  from  experi- 
ment    60.23     •* 

Capacity  of  pump  per  stroke  (pump  meas- 
urement)   58.00  db  *• 
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N.  B. — For  24  hours  previous  to  these  experiments  the  water  in  the 
sump  was  held  at  Elevation  —  5.54,  and  the  speed  of  the  pump 
averaged  29.5  strokes  per  minute.  Thd  rise  and  fall  of  the  water  in 
the  sump  in  the  above  experiments  was  between  Elevations  —  2.2 
and  —  8.0. 

At  49  strokes  (double)  per  minute  the  amount  pumped  is  at  the 
rate  of  3  550  000  galls,  per  24  hours.  As  the  maximum  number  of 
strokes  shown  on  the  pump  diagram  is  not  more  than  90  strokes  per 
minute,  it  may  be  assumed  that  the  maximum  flow  into  the  pit  was 
less  than  7  000  000  galls,  per  day.  29.5  strokes  per  minute  equals 
about  2  160  000  per  day. 

A  special  experiment  was  made  at  a  time  when  one  12-in.  pump 
was  at  work  on  each  side  of  the  dam,  in  order  to  detect  if  possible 
any  variation  in  the  pumping  rate  owing  to  the  relative  difference  in 
the  elevations  of  the  sump  levels.     The  result  is  as  follows: 

TABLE  No.  2.— OAiiOuiiATioNS  to  Determine  Effect  of  Elevation 
OF  Wateb  in  Sttmps  ok  Uf-Stbeam  and  Down-Btbeam  SmEB  OF 
Dam  upon  Amount  of  Water  Pumped. 

Experiment,  December  21st,  1898. 

Elevation  of  water  in  down-stream  sump  —  6.55. 
**  *'  "    up-stream  sump       +  8.7. 

12-in.  pump  used  in  each  sump. 


Time. 

Up-Stbsaic  Sump. 

Register. 

DilTerence. 

Strokes  per  minute. 

Strokes  per  minute. 

7   A.  M 

017  266 

018  968 
020  726 
022  415 
024  457 
OSS  888 
027  601 
0S9  806 
081  080 
032  789 
084  462 

8      '"    

1  712 
1  758 

1  689 

2  04S 
1  426 
1  718 
1  705 
1  724 
1  709 
1  728 

34 
28^ 

28§ 
28  Jk 
28" 
28i 
28 

21 

9      "    

19) 
20j 
20 

10    "    

11    "    

IS  M 

21 

IP.M 

21} 

214 
2l| 
2U 
2l| 

2    "  

3    "  

4    "  

5    "  

6    "  

Total  strokes 

2864 

281 

Average  strokes  per  minute  during  day 

28.6 

21.0 

Water  in  down-stream  sump  lowered  during  night. 
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ExPEHDiEMT,  Dbcbmbbb  22d,  1898. 

Elevation  of  water  in  down-stream  snmp  —  8.01. 
**  **  **    up-stream  sump       +8.7. 

12-in.  pump  used  in  each  sump. 


69 


Time. 

Down-Stream  Sump. 

Up-Strkam  Bump. 

Register. 

DilTerence. 

Strokes  per  minute. 

Strokes  per  minute. 

8  A.  M 

061  966 

068  906 
064  680 

066  868 

067  898 

069  586 
071  167 
078  807 
074  486 
078  046 

m 

9      "    

1  648 
1  681 
1  663 
1  641 
1  648 
1  688 
1  640 
1  618 
1  681 

97 

97ii 
87 

g* 

87 

191 

10    "    

19* 

11    "    

I9I 

18  m 

20 

1  P.M 

19 

2    "  

19 

8    "  

^ 

4    " 

5    "  

fi    »'  

91 

Total  strokes 

9464 

217 

Average  strokes  per  minute  during  day 

27.4 

19,7 

CoKCLUsioN.— Tbe  relative  heights  of  water  on  the  up-stream  and  down-stream 
sides  of  the  dam  seem  to  have  no  effect  on  the  relative  amounts  of  water  pumped. 

NoTB.— On  December  80th  about  0.85  in.  of  rain  fell,  which  may  account  for  the 
greater  amount  of  pumping  on  the  91  st  than  on  the  98d. 

It  is  not  assumed  that  the  foregoing  tests  are  accurate.  They  are 
sufficiently  reliable,  however,  to  enable  it  to  be  said  that  the  maximum 
daily  pumping  did  not  at  any  time  exceed  7  000  000  galls. ,  and  the  pump 
diagram  furnishes  a  reliable  comparison  between  the  amount  done 
from  time  to  time  and  the  maximum.  These  diagrams,  it  may  be  said^ 
are  chiefly  of  interest  in  that  they  serve  to  show  the  relations  existing 
between  the  rainfall  and  the  resulting  river  flow  and  necessary  pump- 
ing. As  to  whether  any  deductions  of  value  can  be  made,  excepting 
that  in  a  gravel  bottom,  below  sea  level,  in  close  proximity  to  a  river 
large  in  times  of  heavy  flow,  the  amount  of  water  pumped  was  under 
7  000  000  galls,  pertlay,  while  the  area  of  the  pump  well  was  at  least  S- 
acres,  and  the  depth  130  ft.,  remains  to  be  seen. 

Plate  XIV  shows  curves  deduced  by  averaging  per  month  the  varioua 
data  shown  in  Plate  XIII.  On  it  are  also  shown  the  curve  of  increasing 
depth  of  sumps  from  which  the  pumping  was  done,  and  a  curve 
showing  the  increase  in  yielding  volume  as  the  depth  of  the  sumps  and 
the  size  of  the  excavation  increased.  These  curves  are  not  extended 
beyond  March,  1898,  as  by  that  time  the  refilling  had  been  well  started. 
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while  the  whole  fonndation  had  been  covered  with  masonry  which  had 
been  carried  np  to  a  considerable  height  above  the  bottom. 

The  cnrves  show,  as  might  have  been  expected,  the  effect  of  the 
rainfall  npon  the  river  which  for  most  of  the  time  is  closely  correspond- 
ing, although  the  river  may  be  somewhat  slower  in  its  action.  This 
does  not  hold  good  for  the  dry  snmmer  and  autumn  months  of  1895 
and  1896,  but  the  correspondence  is  close  in  1897  when  extreme  low 
water  was  not  reached  until  September.  The  comparatively  heavy 
flow  in  February,  1898,  however,  does  not  seem  to  be  accounted  for  by 
any  special  rains  at  about  that  time. 

The  pump  curve  shows  a  constant  rise  in  1895  and  to  May,  1896, 
as  the  depth  and  yielding  volume  increased.  The  apparently  extra 
rise  in  this  curve  from  January  to  April,  1896,  may  have  been  influ- 
enced by  the  rainfall,  to  which  it  seems  to  have  responded  more 
quickly  than  the  river.  Again,  in  July  and  August,  with  constant 
depth,  there  is  shown  a  quick  response  to  the  rainfall  which  is  not 
noticed  in  the  river.  In  December  the  pumping  had  fallen  off  mate- 
rially, although  the  depth  and  yielding  volume  were  on  the  increase. 
The  gradually  diminishing  rainfall,  from  September  to  December, 
may  possibly  account  for  this.  The  steady  increase  in  the  rain  from 
January  to  July,  1897,  is  noticeable  in  the  river  curve  and  marks  a 
constant  increase  in  the  amount  of  pumping  until  the  maximum  of 
yielding  volume  and  depth  is  reached.  The  falling  off  in  pumping 
from  July  to  December,  corresponds  fairly,  although,  perhaps,  a 
month  behind  in  time,  with  the  rain  and  the  river  curves,  but  results 
from  December  to  March,  1898,  are  due  partly  to  the  influence  of  the  • 
baok-fiUing,  which  must  have  begun  to  make  itself  felt,  and  partly, 
doubtless,  to  the  fact  that  the  yielding  volume  was  beginning,  as  it 
did  in  the  previous  year,  to  show  signs  of  being  pumped  out  at  the  end 
of  the  dry  season. 

It  seems  fairly  conclusive  that  the  flow  in  tHe  river  had,  on  the 
whole,  but  little  direct  influence  on  the  pumping.  In  other  words,  the 
wing-dama  were  efficient  in  stopping  anything  like  a  direct  leakage  or 
flow  from  the  river  to  the  excavation  pit.  Another  conclusion  is  that 
a  considerable  time  elapsed  between  the  rainfall  and  its  effect  on  the 
pumps,  amounting  in  certain  cases  to  as  much  as  two  months. 

The  data  from  which  the  curve  of  yielding  volume  is  obtained  are 
due  to  calculations  which  show  approximately  at  the  end  of  each  two 
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months  the  amount  of  sand  and  gravel  on  the  slopes  of  the  pit  which 
furnishes  water  storage  space.  It  was  assumed  that  all  space  in  the 
slopes  above  an  angle  of  20^  with  the  horizontal,  the  vertex  being 
taken  at  the  lowest  point  in  the  section  excavated  and  kept  clear  hj 
the  pumps,  would  yield  water,  except  those  parts  of  the  slopes  which 
were  formed  of  hard-pan  and  which  were  not  included  in  the  calcula- 
tions of  volumes. 

Fig.  12  shows  two  diagrams  of  pumping  commuted  to  equivalent 
strokes  of  a  12-in.  pump,  covering  the  time  from  November,  1898,  to 
May,  1899.  One  of  these  is  the  record  of  the  pumping  from  the  up- 
stream side  of  the  main  dam,  which  was  done  wholly  by  a  12-in.  pump 
during  that  time. 

On  the  down-stream  side  other  pumps  were  used,  as  noted  on  the 
diagram,  but  some  careful  experiments  were  made  by  which  the  rela- 
tive amount  of  pump  work  done  has  been  fairly  commuted  to  the  12-in. 
standard.  The  accompanying  diagrams,  which  show  in  both  cases  the 
mean  elevations  of  the  two  sumps  from  time  to  time  and  at  the  same 
time  the  difference  in  elevation  of  the  water  on  the  two  sides  of  the 
dam,  certainly  do  not  indicate  any  connection  between  the  two  sump* 
holes.  The  up-stream  pump  shows  a  very  slight  increase  in  March 
and  a  very  gradual  decrease  to  May  15th,  with  a  gradual  rise  in 
water  elevation  to  the  middle  of  February,  and  no  material  change 
later.  On  the  other  hand,  the  down- stream  pumping  shows  a 
material  diminution  about  February  1st,  with  many  changes  of  water 
surface  and  a  very  material  rise  in  the  sump  elevation  at  about  the 
same  time. 

The  relative  elevations  of  these  sumps  varied  during  these  months 
decidedly,  the  up-stream  sump  changing  from  about  17  ft.  above  the 
sump  on  the  lower  side,  to  an  extreme  of  about  10  ft.  below,  most  of 
the  change,  however,  taking  place  on  the  down-stream  side,  as  shown. 
These  records  are  suggestive,  in  view  of  the  general  character  of 
the  limestone  foundation  and  the  possibility  of  the  presence  of 
open  seams  and  channels  below  those  treated  in  preparing  the 
bottom  for  the  masonry.  With  a  head  of  nearly  20  ft.,  long  sus- 
tained on  the  up-stream  side,  then  varied  gradually  until  the  head 
on  the  other  side  was  10  ft.,  there  seems  to  have  been  nothing,  in 
this  reversal  of  relative  conditions,  to  affect  the  flow  of  water  od 
either  side. 
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Genbraij  Bemabks. 

While  the  purpose  of  this  paper  is  to  deal  particularly  with  all  the 
yariouB  features  of  this  work  which  pertain  directly  or  indirectly  to  the 
foundations  of  the  dam,  dwelling  in  some  cases  in  considerable  detail 
upon  certain  points,  it  is  evident  that  much  information,  some  of  it  of 
interest  if  not  of  considerable  importance,  relating  to  the  general  de- 
sign, construction  and  progress  of  the  work  has  been  necessarily 
omitted.  In  fact,  anything  approaching  a  comprehensive  account  of 
these  matters  would  require  a  book  of  ample  size  to  give  the  subject 
adequate  treatment.  However,  a  few  figures  are  added  here  relating 
to  certain  prominent  features  which  have  not  been  noted  or  described 
previously. 

The  main  feature  of  the  construction  work  is  the  rubble  masonry. 
The  total  amount  required  will  be  not  far  from  650  000  cu.  yds. ,  and 
of  this,  at  the  date  of  writing,  about  405  000  cu.  yds.  have  been  laid. 
The  contract  price  for  this  item  is  94.05  per  cubic  yard  when  American 
cement  mortar  is  used.  This  price  is  increased  to  $4.94  and  S5.35  per 
cubic  yard,  as  Portland-cement  mortar  (3  to  1)  or  (2tol),  respectively, 
is  used.  The  facing  stone  masonry,  of  which  it  is  expected  that  at 
least  24  000  cu.  yds.  will  be  used,  forms  another  important  item.  This 
is  used  for  both  the  up-stream  and  down-stream  faces  of  the  main  dam 
and  overflow  above  the  lines  or  elevations  to  which  the  refilling  and 
embankment  will  be  carried.  This  facing  stone  is  cut  in  courses 
which  vary  in  rise  from  15  to  30  ins.,  having  a  uniform  depth  of  bed 
and  build  of  not  less  than  28  ins.  Headers,  of  which  every  third  stone 
in  each  course  is  one,  are  not  less  than  4  ft.  in  length,  and  are  used  to 
insure  a  bond  with  the  rubble  backing  or  hearting. 

All  joints  of  this  stone  are  cut  to  lay  to  ^  in.  in  width  from  the  face 
back  for  4  ins.  in  depth  on  the  sides  and  beds.  For  the  remaining 
depth  the  stones  must  be  cut  full,  to  joints  not  exceeding  2  ins.  in 
width  between  adjoining  stones  when  laid.  In  this  way  there  is  in- 
sured a  moderately  fine  outer  joint  which  is  thoroughly  raked  and 
pointed  to  a  depth  of  2  ins.  or  more,  while  the  wider  2-in.  joints  give 
an  opportunity  for  any  settlement  that  may  possibly  occur  in  the 
future  due  to  inequalities  between  the  relative  composition  of  the 
facing  as  compared  with  the  backing  stone  to  which  it  is  bonded. 

On  this  facing  stone  it  is  depended  to  insure  the  practical  water- 
tightness  of  such  parts  of  the   structure  as  are  exposed  directly  to 
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water  pressure.  This  stone  is  laid  in  Portland-oement  mortar,  (mixed 
2  to  1),  and  in  the  pointing  of  the  (-in.  face  joint  Portland  cement  is 
also  used.  As  has  been  stated  previously  on  all  parts  of  the  up-stream 
face  of  the  masonry,  which  are  planned  to  be  below  the  back-filling 
line,  and  which  are  formed  of  rubble  masonry,  care  has  been  taken  to 
secure  well-shaped  stones  and  to  fill  up  the  intervening  joints  very 
thoroughly  with  small  stones  or  spawls.  This  is  well  shown  in  Fig.  2, 
Plate  XI,  where  the  joints  are  shown  raked  out  and  ready  for  the 
pointing  which,  as  in  case  of  the  facing  stone,  is  done  with  Portland 
cement.  In  this  connection,  particular  attention  may  be  called  to  the 
very  great  amount  of  refilling  which  is  to  be  done  on  the  up-stream  side, 
particularly  back  of  the  main  dam  and  above  the  limestone  foundation 
where  so  much  badly  fissured  rock  was  found,  and  which  resulted, 
necessarily,  in  the  great  depth  of  the  rock  excavation.  This  refilling, 
together  with  the  pointing  of  the  up-stream  face  of  the  masonry  which 
it  covers,  is  expected  to  be  effectual  in  stopping  percolation  through 
or  under  the  dam,  even  if  in  the  latter  case  small  open  fissures  may 
exist.  At  any  rate,  if,  as  noted  previously  in  the  chapter  on  **  Pump- 
ing," a  head  varying  from  20  ft.  on  the  up-stream  side  to  10  ft.  on  the 
down-stream  side  caused  no  appreciable  variation  in  the  pumping  of 
an  amount  of  water,  which  at  that  time  might  have  equalled  3  500  000 
galls,  per  day,  it  does  not  seem  that  the  head  due  finally  to  a  full  basin 
can  increase  very  materially  such  flow  as  may  possibly  have  already 
taken  place  through  the  limestone  foundation  rock. 

The  contract  price  for  the  rock  excavation  is  $1.95  per  cubic  yard. 
The  amount  excavated  will  slightly  exceed  300  000  cu.  yds.  While 
the  price  is  seemingly  a  liberal  one,  it  must  not  be  forgotten  that,  in 
the  bottom  work,  the  blasting  and  excavation  were  not  done  to  ordered 
lines  and  grades  excepting  as  so  directed  from  day  to  day,  as  the  only 
limit  in  depth  was  good  rock  when  reached.  This  necessitated  a  very 
great  amount  of  careful  hand  work,  as  well  as  slow  and  expensive  work 
in  finally  getting  the  bottom  ready  for  the  masonry. 

All  the  earth  excavation  work,  which  has  amounted  to  nearly 
1 100  000  cu.  yds.,  was,  under  the  specifications,  let  at  one  price,  viz., 
30.61  per  cubic  yard,  to  avoid  complication,  although,  naturally,  there 
would  have  been  little  difficulty  in  separating  the  amotmts  lying  below 
river  level,  and  involving  pumping,  from  the  portion  remaining.  The 
price  was  considered  fairly  low  when  the  risks  were  taken  into  consid- 
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eration.  The  increase  in  the  length  of  the  main  dam,  which  was  de- 
termined upon  in  1897,  resulted  in  a  considerable  decrease  in  the 
maximum  height  of  the  embankment  at  its  point  of  junction  with  the 
main  dam.  This  change  has  also  decreased  the  amount  of  embank- 
ment as  originallj  planned,  and  the  core-wall  trench  is  now  practically 
wholly  in  hardpan;  the  point  of  junction  with  the  main  dam  haying 
been  advanced  to  the  south  until  it  found  the  hardpan  overlying  the 
bed  rock. 

The  work  of  construction  began  in  October,  1892;  the  contract  having 
been  let  in  the  previous  August.  The  time  limit  in  the  contract  was 
seven  years,  bringing  the  date  of  completion  to  August,  1899.  The  ex- 
traordinary depths  to  which  the  rock  excavation  had  to  be  made  in 
order  to  secure  a  foundation  for  the  main  dam  as  well  as  the  change 
made  in  the  length  of  the  main  dam  after  the  work  was  started,  which 
involved  quite  an  increase  in  the  amount  of  masonry,  justified  an  ex- 
tension of  time  of  perhaps  one  year.  The  dam,  however,  will  hardly 
be  finished  before  1902,  making  the  time  of  construction  ten  years  in- 
stead of  eight.  This  delay  is  largely  due  to  the  dilatory  ways  and 
methods  adopted  in  the  first  two  or  three  years  of  the  construction 
work,  as  developments  have  shown  clearly  that  the  plans  and  methods 
proposed  by  the  engineers  for  carrying  on  the  work  have  so  far  pro- 
vided for  and  anticipated  all  emergencies  and  contingencies,  in  kind 
if  not  in  degree;  nothing  unforeseen  having  happened  to  materially 
delay  or  involve  a  change  of  plans  beyond  the  increased  depth  of  rock 
excavation  found  necessary  and  the  increase  in  the  length  of  the 
masonry  dam,  as  previously  mentioned. 
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TEST    OF   A    MECHANICAL   FILTER. 
Discussion.* 


By  Edmxtnd  B.  Weston,  M.  Am.  Soc.  C.  E. 


Mr.  Weston.  Edmund  B.  Weston,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer 
has  read  Mr.  Fuller's  discussion  with  a  great  deal  of  interest. 

The  color  data  given  in  Table  No.  3,  from  March  13th  to  18th, 
inclusive  (5  days),  as  originally  furnished  the  writer,  were  incorrect. 
Instead  of  0.30  for  the  raw  water  and  0.06  for  the  filtered  water,  the 
figures  for  the  5  days  should  read  0.60  for  the  raw  water,  and  0.10  for 
the  filtered  water. 

The  writer,  of  course,  did  not  propose  to  do  chemical  work  in 
regard  to  the  subject  in  hand.  As  to  chemical  matters,  he  is  aware 
that  different  chemists  sometimes  hold  different  views  on  a  given 
subject. 

The  chemical  work  was  referred  to  Professor  John  H.  Appleton, 
of  Brown  University,  a  gentleman  whose  age,  long  experience  and 
conservative  judgment  entitle  his  opinions  to  great  weight;  and  the 
writer  still  feels  entire  confidence  in  the  analytical  work,  and  the 
opinions  expressed  by  Professor  Appleton  in  the  chemical  questions 
involved  in  this  discussion. 

Color  of  the  Raw  Water . — Mr.  Fuller  remarks  that  the  paper  **  does 
not  state  the  method  by  which  the  recorded  results "  on  color  were 
obtained.    They  were  obtained  by  the  platinum-cobalt  method. 

Mr.  Fuller  remarks  that  *'in  a  pamphlet  issued  recently  by  the 
New  York  Filter  Manufacturing  Company    *    *    *    ,  it  is  noted  that 

•  Continued  from  December,  1899,  Proceedings.  See  September,  1899,  Proceedingt^ 
for  Paper,  by  Edmund  B.  Weston,  M.  Am.  Soc.  C.  E.,  on  this  subject. 
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the  color  results  were  obtained  by  the  Nesslerized  ammonia  scale."  Mr.  Weston. 
Mr.  Fuller  misunderstands  the  pamphlet.  The  pamphlet  states  what 
**the  unit  of  color"  is;  but  does  not  state  the  "method."  The 
platinum- cobalt  method  was  used,  but  the  unit  of  color  of  this  method 
is,  as  the  pamphlet  states,  *•  practically  that  color  yielded  by  properly 
Nesslerizing  50  c.  c.  of  water  containing  one-hundredth  of  a  milli- 
gram of  ammonia  gas  (or  its  equivalent). "  It  appears,  therefore, 
that  Mr.  Fuller's  inferences  with  respect  to  the  color  data  are  not  in 
accord  with  the  facts. 

EekUion  between  Color  and  Required  Sulphate  cf  Alumina, — It  was 
desired,  if  the  alkalinity  of  the  water  would  permit,  to  obtain  a 
bacterial  removal  of  at  least  99^  without  regard  to  the  quantity  of 
sulphate  of  alumina  used.  It  was  found  that  1  grain  of  sulphate  of 
alumina  per  gallon  would  do  this  without  rendering  the  filtered  water 
acid;  and  it  was  also  found  that  when  f  of  a  grain  was  used,  the 
bacterial  removal  was  less  than  99  per  cent.  It  was  therefore  decided 
to  use  1  grain. 

As  to  Mr.  Fuller's  inference  that  there  was  a  considerable  waste  of 
chemical  at  times,  Mr.  Fuller  probably  intended  the  statement  to 
be  taken  in  a  relative  sense,  as  the  whole  amount  of  sulphate  of 
alumina  used  daily  was  not  considerable,  averaging  less  than  28  lbs., 
the  daily  cost  being  about  46  cents. 

It  should  be  remembered  that  the  filter  was  in  practical  service 
during  the  test,  and  was  not  being  run  as  a  laboratory  experiment; 
and  as  the  bacterial  removal  averaged  more  than  99^,  and  the  color 
of  the  filtered  water  was  hardly  distinguishable  from  freshly  distilled 
water,  and  was  sujficiently  alkaline  to  show  that  the  quantity  of 
sulphate  of  alumina  was  being  kept  within  the  proper  limit,  it  would 
hardly  have  been  practicable,  even  if  a  small  quantity  of  the  sulphate 
could  have  been  saved,  to  have  made,  from  time  to  time,  minute 
changes  in  its  amount,  as  the  cost  of  the  labor  of  doing  so  would  have 
been  of  much  more  account  than  the  cost  of  the  sulphate  of  alumina 
which  might  have  been  saved.  Then,  if  this  refinement  had  been 
gone  into,  and  an  experienced  person  had  been  employed  to  have 
continually  kept  the  run  of  the  alkalinity  of  the  water,  the  expense 
would  have  been  many  times  greater  than  the  cost  of  the  whole  of  the 
sulphate  of  alumina  used. 

It  would  appear  as  though  Mr.  Fuller's  inferences  from  his  experi- 
ence with  the  water  of  western  rivers  would  not  apply  to  river  waters 
in  the  vicinity  of  Providence. 

During  the  Providence  filtration  experiments,  in  1893  and  1894,  it 
was  demonstrated  that  the  percentage  of  color  removed  from  the  raw 
water  could  not  be  relied  upon  as  a  gauge,  in  respect  to  the  removal 
of  bacteria,  and  the  results  of  the  East  Providence  test  show  the  same 
to  be  the  case. 
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Mr.  Weeton.  At  East  Providencei  as  has  previously  been  stated,  the  paramount 
desire  was  to  remove  at  least  99^  of  the  bacteria  from  the  raw  water, 
provided  that  it  could  be  done  without  exhausting  the  alkalinity  of 
the  water  and  causing  the  filtered  water  to  be  acid,  the  importance 
of  the  removal  of  the  color  from  the  raw  water  being  regarded  as 
secondary  to  that  of  the  bacteria. 

As  the  bacterial  results  for  each  day  were  not  known  until  about  live 
days  afterward,  on  account  of  the  time  required  for  cultivation,  it 
would  not  have  been  possible  to  have  gauged  accurately  the  quantity 
of  sulphate  of  alumina,  more  or  less,  which  might  have  been  the  most 
advantageous  to  have  used  each  d^y;  therefore,  as  experience  had 
shown  that  }  of  a  grain  of  sulphate  of  alumina  would  not  produce  an 
average  bacterial  removal  of  99%,  and  that  1  grain  would  accomplish 
the  desired  result,  and  as  the  filtered  water  was  always  alkaline  when 
1  grain  was  used,  it  was  thought  that  the  constant  use  of  1  grain  per 
gallon  was  the  most  satisfactory  method  of  applying  the  sulphate. 

Alkalinity. — Mr.  Fuller  makes  a  considerale  body  of  comments  on 
the  alkalinity  of  East  Providence  water.  The  writer  discusses  these 
comments  briefly : 

The  alkalinity  determinations  were  made  as  follows:  two  portions, 
each  of  500  c.  c,  of  the  water  were  placed  in  flat  white  porcelain  trays 
side  by  side.  To  each  sample,  5  c.  c.  of  solution  of  methyl  orange 
was  added.  First  one  sample  and  then  the  other  was  titrated  with 
standard  sulphuric  acid,  the  acid  being  so  prepared  that  each  cubic 
centimeter  would  neutralize  1  part  per  million  of  calcium  car- 
bonate in  500  c.  c.  of  water.  (The  sulphuric  acid  solution  was  stan- 
dardized by  pure  sodium  carbonate;  then  its  value  in  calcium  carbonate 
was  computed.) 

Mr.  Fuller  objects  to  methyl  orange  as  an  indicator.  The  writer 
must  rely  on  Professor  Appleton's  statement  that  methyl  orange  is,  in 
fact,  a  sensitive  indicator  for  acid  and  alkali,  that  it  is  widely  used  for 
this  purpose,  and  is  recommended  by  high  authorities  on  water 
analysis.  Indeed,  it  was  used  during  the  elaborate  filtration  experi- 
ments conducted  under  the  direction  of  Allen  Hazen,  Assoc.  M.  Am. 
Soc.  C.  E.,  at  Pittsburg,  Pa.;  and  Mr.  Hazen  appears  to  have  been 
entirely  satisfied  with  the  reliability  of  the  alkalinity  determinations 
made  with  methyl  orange. 

From  certain  experiments  made  elsewhere  by  Mr.  Fuller,  he  forms 
the  opinion  that  the  filtered  East  Providence  water,  during  a  portion 
of  the  test,  must  necessarily  have  been  acid.  But  this  is  an  opinion. 
As  the  result  of  actual  tests,  the  filtered  water  was  alkaline.  That  is,  a 
considerable  quantity  of  the  standard  sulphuric  acid  was  necessary  to 
overcome  its  alkalinity. 

Mr.  Fuller  states  that,  in  his  opinion,  a  filtered  water  might  '<  con- 
tain several  grains  per  gallon  of  undecomposed  ''  sulphate  of  alumina, 


Digitized 


byGoogk 


Papers.]  DISGUSSIOlir  ON  TB8T  OF  A  MEOHAKICAL  VILTEB.  79 

and  yet  that  sach  water  might  be  slightly  alkaline  to  methyl  orange.  Mr.  Weston. 
In  the  East  Proyidenoe  filtered  water  there  could  not  possibly  have 
been  several  grains  per  gallon  of  andecomposed  sulphate  of  alumina, 
since  not  more  than  1  grain  was  added  to  the  raw  water. 

Chemical  Results, — Mr.  Fuller  appears  to  represent  that  the  analyti- 
cal determinations  of  alumina,  AI2O3,  in  the  raw  and  the  filtered 
waters  are  of  little  account.  The  writer  holds  the  opposite  view.  He 
thinks  them  of  considerable  importance.  They  certainly  show  that  in 
all  cases  the  amount  of  alumina,  Al^Oj,  in  the  filtered  water  was  very 
small.  It  varied  from  about  0.02  to  about  0.06  of  a  grain  per  gallon. 
But  the  1  grain  of  sulphate  of  alumina  added  in  the  coagulant  con- 
tained 0.22  of  a  grain  of  alumina,  AI2O3.  It  is  plain,  therefore,  that  at 
least  a  considerable  part  of  the  alumina,  AljOj^,  contained  in  the  sul- 
phate of  alumina  applied,  was  removed  by  the  process  of  filtration. 
Then,  again,  the  analytical  determinations  show  that  there  was  an 
average  of  38%  less  alumina,  in  the  filtered  water,  than  in  the  raw 
water  before  the  sulphate  of  alumina  was  added  to  it.  The  writer 
considers  these  interesting  and  important  facts. 

Badericd  Residts. — The  culture  medium  used  was  10%  gelatine,  and 
the  reaction  was  slightly  alkaline.  The  bacteria  were  cultivated  at 
the  average  refrigerator  temperature,  the  temperature  of  the  labora- 
tory being  high  at  all  times. 

Gfrowihs  of  Bacteria. — The  writer  fears  that  he  did  not  make  his  pos- 
sible solution  sufficiently  clear,  and  that  Mr.  Fuller  has  interpreted 
his  intent  rather  too  broadly.  It  occurred  to  the  writer,  upon  three 
or  four  occasions  when  the  number  of  the  bacteria  in  the  filtered  water 
had  increased  in  a  much  greater  proportion  than  those  in  the  raw 
water,  that  it  might  have  been  due  to  a  few  bacteria  growing  in  the 
filter.  It  was  not  his  intention,  by  any  manner  of  means,  to  even 
suggest  the  inference  that  bacteria  ordinarily  propagate  in  mechanical 
filters  as  they  do  in  slow  sand  filters. 

Wash  Water. — From  records  kept  during  March,  April  and  May, 
while  1  grain  of  sulphate  of  alumina,  containing  about  22%  of 
AI2  O3,  was  being  used,  the  average  length  of  the  runs  of  the  filter, 
which  is  the  period  between  washings,  is  shown  to  have  been  about 
6.6  hours;  the  range  being  from  about  5  to  about  9  hours. 

During  these  runs,  the  height  of  the  surface  of  the  water  in  the 
filter  (which  remains  practically  constant),  was  about  10.85  ft.  above 
the  surface  of  the  water  in  the  controller.  The  operating  head,  or  the 
head  consumed  during  the  process  of  filtration,  was  about  10.25  ft., 
namely :  the  difference  between  the  level  of  the  water  surface  in  the 
filter  and  the  elevation  of  the  water  (corresponding  to  the  head  upon 
the  inlet  pipe  of  the  controller),  above  the  surface  of  the  water  in  the 
controller  at  the  time  the  filter  was  shut  down  for  the  purpose  of 
being  washed.    Immediately  after  washing,  at  the  commencement  of 
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Mr.  Weston,  a  ran,  about  2.92  ft.  of  the  operating  head  was  lost  by  friction,  due 
.  to  the  water  passing  through  the  clean  filter-bed,  screens  and  outlet 
pipes. 

On  account  of  the  desirability  of  supplying  the  raw  water  to  the 
filter  by  gravity,  the  filter  was  made  only  12  ft.  high,  which  is  4  ft.  less 
than  the  standard  height  of  filters  of  the  Jewell  gravity  type,  of  the 
capacity  installed  at  East  Providence.  If  the  filter  had  been  16  ft. 
high,  the  standard  height,  the  operating  head  would  have  been  4  ft. 
more  than  10.25  ft.,  and,  consequently,  as  the  greater  the  operating 
head,  other  things  being  equal,  the  longer  a  filter  will  run,  the  average 
length  of  time  between  washingps  would  have  been  longer  than  6.6 
hours. 

As  the  filtered  water  is  being  pumped  constantly  from  the  filtered- 
water  well  into  the  mains,  it  would  be  inconvenient  to  measure  the 
amount  of  wash  water  used  each  time  the  filter  is  washed.  From 
several  measurements  which  have  been  made,  however,  the  indications 
are  that  the  average  quantity  of  wash  water  used  does  not  exceed  4.% 
of  the  total  amount  of  water  filtered. 

AiUomcUic  Controller. — The  operating  head,  during  the  test  referred 
to  by  Mr.  Fuller,  was  9.35  ft.,  and  the  head  upon  the  inlet  pipe  of  the 
controller  at  the  end  of  the  test  was  equivalent  to  a  height  of  1.5  ft. 
above  the  water  surface  of  the  controller. 

The  preliminary  tests  of  the  class  of  controllers  used  at  East  Provi- 
dence are  made  with  heads  ranging  from  18  ft.  above  the  surface  of 
the  water  in  the  controller  as  a  maximum,  to  0.38  ft.  as  a  minimum. 

Cost  of  Operatian.— The  wash  pump  is  driven  by  a  water  turbine 
wheel,  of  much  greater  power  than  is  necessary,  which  had  been 
installed  for  another  purpose  before  the  filter  plant  was  contemplated, 
and  as  the  East  Providence  Water  Company  owns  the  water  privilege 
from  which  the  water  required  to  operate  the  turbine  is  derived,  the 
writer  hardly  thinks  it  would  be  advisable  for  him  to  goto  the  expense 
of  indicating  the  power  required  to  drive  the  pump,  although,  as  a 
matter  of  scientific  interest,  he  would  like  to  know  what  it  is.  He  can 
state,  however,  that  a  test,  made  about  two  months  ago,  showed  the 
maximum  horse-power  of  the  water  pumped  while  washing  the  filter- 
bed  to  be  about  14.  The  horse-power  was  computed  by  considering 
the  maximum  quantity  of  water  pumped  per  minute,  the  water  pressure 
at  the  discharge  end  of  the  pump,  and  the  elevation  of  the  pump  above 
the  water  in  the  filtered- water  well.  If  the  filter  had  been  16  ft.  high 
instead  of  12  ft.,  the  other  conditions  being  equal,  the  horse-power 
would  have  been  about  15.6. 

The  pumping  engineer,  who  has  charge  of  the  filter  plant,  estimates 
that  the  cost  of  the  labor  required  for  taking  care  of  it  is  about  $0.50 
per  day.  As  the  writer  has  already  stated  in  the  paper,  no  additional 
labor,  other  than  that  which  was  employed  before  the  filter  plant  was 
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'built,  is  required  to  take  care  of  the  filter  plant.  This  JO.  50,  consid-  Mr.  Weston, 
ering  the  present  consumption  of  about  200  000  galls,  would  equal, 
proportionately,  92.50  per  1000  000  galls.  Of  course  the  cost  per 
1  000  000  galls,  -would  be  proportionately  reduced  if  the  filter  was 
running  the  entire  24  hours  and  delivering  its  full  capacity  of  506  000 
galls. ,  and  it  would  bo  very  much  less  per  1  000  000  galls,  if  the  three 
other  filters,  for  which  the  filter  building  was  designed,  were  installed, 
and  running  at  their  full  daily  capacities. 

In  reply  to  Mr.  Gould— the  general  practice  in  England  appears 
to  be,  after  the  repeated  scrapings  of  a  filter-bed  have  reduced  its 
depth  to  the  minimum  limit,  to  dig  off  the  old  sand  in  sections  above 
the  gravel  and  replace  it  with  a  layer  of  fresh  or  washed  sand,  the  old 
sand  then  being  filled  in  upon  the  clean  sand. 

The  advantage  of  being  able  to  sterilize  the  filter-beds  of  mechani- 
cal filters,  the  writer  considers  to  be  of  much  importance. 

The  writer  appreciates  highly  the  thorough  manner  in  which  Dr.  . 
Currier  has  treated  the  subject  in  his  carefully  prepared  and  instruc- 
tive discussion. 

All  processes  of  filtration,  to  be  successful,  must  have  intelligent 
supervision.  Professor  Percy  Frankland,  whose  connection  with  the 
Liondon  water  companies  is  well  known,  states,  in  regard  to  slow  sand 
filtration: 

''  But  the  responsibility  which  we  have  seen  attaches  to  this  treat- 
ment of  water  cannot  be  exaggerated,  for  whilst  when  efficiently  pur- 
sued it  forms  a  most  important  barrier  to  the  dissemination  of  disease 
germs,  the  slightest  imperfection  in  its  manipulation  is  a  constant 
menace  during  any  epidemic.  ** 

Professor  William  P.  Mason,  of  Troy,  N.  T.,  has  stated,  in  regard  to 
the  subject : 

*'  A  filter,  of  whatever  type,  is  a  more  delicate  piece  of  apparatus 
than  is  generally  recognized,  and  it  requires  constant  attention  of  the 
most  careful  kind.  In  the  mechanical  form  of  filter,  this  care  must, 
of  necessity,  be  constantly  forthcoming,  or  the  filter  would  not  run  a 
day;  the  English  bed,  on  the  other  hand,  may  be,  and  to  my  knowledge 
is,  at  times  grossly  neglected,  and  that  too  where  the  volume  of  the 
supply  would  seem  to  call  for  more  attentive  supervision. " 

The  samples  of  filtered  water,  to  which  Mr.  Williams  refers,  were 
taken  from  the  controller  and  not  from  the  well. 

It  would  seem,  by  the  somewhat  eccentric  language  used  by  Mr. 
Williams,  that  he  has  derived  considerable  satisfaction,  in  drawing 
from  a  small  outline  sketch  some  rather  humorous  inferences  in  regard 
to  the  construction  of  the  filter  building. 
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Discussion.* 


By  Leonard  MetgaiiF,  Assoc.  M.  Am.  Soc.  C.  £. 


Blr.  Metcaif.  Leonabd  MBTCAiiF,  Assoo.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Le 
Conte's  statement  that  "  there  are  many  modem  designs  for  masonry 
coverings,  composed  of  concrete  and  iron  tie-bars  combined,  which 
are  equally  durable,  strong  and  efficient,  take  up  less  space  inside  and 
are  cheaper  and  better  in  every  way  **  is  broad  and  sweeping.  Expen- 
sive the  groined  arch  masonry  roofs  doubtless  arc,  though  by  no 
means  always  so  when  considered  from  a  comparative  point  of  view 
and  the  conditions  they  are  called  upon  to  meet.  With  the  present 
prevailing  high  prices  of  iron  and  steel,  for  instance,  they  will  be 
found  more  economical  in  many  cases  than  steel  and  concrete  con- 
struction. Freedom  from  the  danger  of  corrosion,  and  cheapness  of 
maintenance  they  certainly  possess,  together  with  strength  and 
stability.  Further  study  and  experiment  will  doubtless  determine  the 
limits  to  which  the  dimensions  of  the  arch  may  be  safely  reduced 
under  different  loads,  with  resulting  economy  of  material. 

As  regards  the  actual  expense,  Mr.  Hazen  has  stated  that  the  cost 
of  the  Albany  filter  plant  roof  amounted  to  only  $0,182  per  square 
foot  for  the  concrete  masonry  in  place,  and  less  than  $0.28  per  square 
foot,  including  the  cost  of  piers,  earth  filling  and  seeding,  manholes, 

*  Continued  from  October.  1809,  Proceedtngs.  See  Mav,  1899,  Proceedings  for  Paper, 
by  Leonard  Metcaif,  Assoc .  M.  Am.  Soc.  C.  £.,  on  the  subject. 
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entrances,  fasteners,  etc.  In  a  small  structure,  where  the  centering  Mr.  Metcalf . 
cannot  be  used  a  second  time,  the  cost  is  relatively  greater.  Thus, 
the  centering  alone  of  the  Wellesley  reservoir  is  stated  by  its  engi- 
neer. Freeman  C.  Ck)fQn,  M.  Am.  Soc.  C.  £.,  to  have  cost  90.225  per 
square  foot.  The  roof  of  the  Concord,  Mass.,  sewage  storage  well,  of 
57  ft.  internal  diameter  and  containing  about  100  cu.  yds.  of  masonry, 
designed  by  the  writer,  cost  for 

Centering 90.18  per  square  foot. 

Concrete,  materials 0.15*        "  ** 

Labor  and  supervision 0.05  **  " 

Total 0.38  **  ** 

Mr.  Button  has,  unintentionally  no  doubt,  misquoted  the  writer 
in  saying  "  all  the  examples  of  the  groined  arch  in  engineering  struct- 
ures that  have  come  to  his  knowledge  are  in  the  United  States." 
What  the  writer  said,  was:  "these  examples,  *  *  *  limited  as  they 
are  in  number,  are  all  in  the  United  States  that  have  thus  far  come  " 
to  his  knowledge.  The  limits  of  the  paper  forbade  reference  to  the 
many  examples,  to  be  found  at  home  and  abroad,  of  the  use  of  the 
groined  arch  in  ecclesiastical  structures,  and  the  comparatively  few  in 
engineering  structures,  to  several  of  which  Mr.  Button  has  interest- 
ingly referred.  One  or  two  structures,  in  addition  to  those  described 
by  Mr.  Button,  which  have  come  to  the  writer's  notice  in  the  course 
of  his  reading,  are  perhaps  worthy  of  note.  The  groined  roof -arches 
covering  the  filter-beds  of  the  Zurich,  Switzerland,  water-works,* 
which  are  segmental,  14  ft.  9  ins.  span,  4  ft.  1  in.  rise,  and  8  ins. 
thickness  of  concrete  at  crown;  and  those  of  the  Berlin  water- works 
reservoir  at  Charlottenburg,  referred  to  in  William  Morris's  paper  on 
•*  Covered  Service  Reservoirs. "  f 

In  the  United  States  at  least  two  more  groined  arch  reservoirs 
have  been  built  in  the  past  year,  both  for  the  storage  of  sewage — one 
by  the  Metropolitan  Water  Board  of  Boston,  at  Clinton,  Mass.,  the 
other  by  the  writer  at  Concord,  Mass. 

The  investigations  relating  to  groined  arches  by  Mr.  Bazen  and 
Mr.  Fuller,  made  in  the  course  of  the  design  and  construction  of 
the  Albany  filter  plant,  and  the  subsequent  development  of  certain 
contraction  cracks  in  that  structure  under  changing  temperature  con- 
ditions, are  most  instructive  and  worthy  of  study.  The  writer  is 
inclined  to  agree  with  Mr.  Fuller  that  tension  in  the  masonry  over 
each  pier,  acting  upon  a  principle  ''somewhat  analogous  to  that  of 
the  dome,"  may  be  a  factor  in  the  strength  of  the  arch;  and,  as  Mr. 
Bazen  has  suggested,  that  the  cantilever  principle,  as  well  as  that  of 

*  Engineering  News,  July  12th,  1894;  and  Minuter  of  Proceedings^  Institution  of 
Civil  BDKlneerm  Vol.  czf,  18(»-98. 

t  Minute*  of  Proceedings,  Institution  of  Civil  Engineers,  Vol.  Ixxiii,  pages  1-60. 
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Mr.  Metcaif.  the  beam  and  that  of  the  arch,  is  called  into  the  play.  Just  where 
one  action  begins  and  the  other  leaves  off  cannot  be  determined 
or  demonstrated,  bnt  it  seems  very  probable  that  tensile  stresses  are 
first  called  into  play  in  the  structure,  and  are  followed  by  compres- 
sive stresses  under  which  the  arch  finally  fails,  as  was  indicated  so 
clearly  by  Mr.  Puller's  experiments  upon  small  models.  This  indi- 
cates that  the  proper  place  to  introduce  steel  rods  into  the  roof  to 
strei^gthen  the  masonry  is,  not  over  the  piers,  but  along  the  crown 
lines  across  which  tension  cracks  first  appeared,  in  the  models  tested, 
before  the  compression  forces  were  called  into  play. 

Mr.  Fuller's  method  of  computing  the  volume  of  masonry  in  any 
given  arch  is  interesting.  The  work  involved  appears  to  be  substan- 
tially the  same  as  in  the  method  pursued  by  the  writer. 
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THE  REACTION  BREAKWATER  AS  APPLIED  TO 
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Discussion.* 


By  Messrs.  Geoboe  T.  Wisnsb,  J.  Francis  Le  Babon  and  Gardner  S. 

WtTiTJAMB. 


Geoboe  Y.  Wisnbr,  M.  Am.  Soc.  C.  E.  (by  letter).— The  ideal  con-  Mr.  wisner. 
ditions  for  obtaining  satisfactory  results  from  a  single  cnrved  jetty 
are  usually  found  where  the  structure  can  be  made  a  continuation  of 
the  natural  curve  of  the  outlet  of  the  harbor  entrance.  The  necessity 
of  placing  the  jetty  on  the  north  side  of  the  entrance  at  Aransas  Pass 
makes  a  reverse  curve  of  the  channel,  with  a  tendency  to  shoal  at  the 
'*  Crossing,"  and  in  order  to  maintain  the  full  channel  depth  of  20  ft. 
between  curves  without  dredging  will  probably  require  a  spur  jetty 
on  the  south  side  of  the  channel  as  far  out  as  the  wreck  Mary. 

Galveston  Harbor,  Cumberland  Sound  and  Coatzacoalcos  Harbor, 
Mexico,  are  good  examples  of  natural  conditions  where  a  single 
curved  jetty,  properly  located,  would  be  certain  to  produce  beneficial 
results.  The  Coatzacoalcas  Biver  is  a  silt-bearing  stream,  but  the 
formation  of  the  bar  indicates  that  the  load  of  sediment  carried  at 
times  of  floods  is  not  sufficient  to  produce  deposition  from  flight 
changes  of  velocity  of  current. 

*  Continued  from  November,  1809,  Proceedings.  See  September,  1899,  Proceedingsy 
for  paner  byLewls  M.  Haupt,  M.  Am.  Soc.  C.  E.,  on  this  subject,  and  Transactions^ 

Since  the  discussion  on  Professor  Haupt's  paper  was  prepared  for  press  for  Vol.  xJii 
of  Transactions^  the  discussions  printed  in  this  number  of  Proceedings  iiave  been 
received,  and  notice  is  hereby  sriven  that  additional  discussion  on  this  subject  will  be 
collated  and  published  in  subsequent  numbers  of  Proceedings  and  in  the  next  volume  of 
Transections, 
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Mr.  Wtener.  The  formation  of  the  west  side  of  the  entrance  is  also  such  that  a 
single  jetty  constructed  on  the  east  side  of  the  channel  would  prac- 
tically control  the  riyer  current  in  a  restricted  channel  across  the  bar 
into  deep  water,  and  if  the  littoral  current  is  from  the  eastward,  as 
has  been  stated,  a  single  curved  jetty  would  be  the  proper  remedy  to 
apply. 

It  should  be  stated,  relative  to  the  fourth  conclusion  on  page  821* 
that  the  limitation  of  the  use  of  single  jetties  at  the  mouths  of  silt- 
bearing  rivers  is  intended  to  apply  only  to  such  streams  as  the  Mis- 
sissippi and  Brazos  Bivers,  where  the  load  of  sediment  during  freshets 
is  such  that  any  diminution  of  velocity  of  flow  produces  deposition. 

The  phenomena  observed  at  the  South  Pass  jetties,  relative  to  the 
effect  of  curves  and  of  outlets  through  jetties  near  the  shore,  have  an 
interesting  bearing  on  some  of  the  conclusions  brought  out  in  the 
present  discussion. 

The  Act  of  Congress,  under  which  the  South  Pass  jetties  were  con- 
structed, requires  the  maintenance  of  a  channel  through  the  jetties  26 
ft.  in  depth,  not  less  than  200  ft.  in  width  at  the  bottom,  and  having 
through  it  a  central  depth  of  30  ft.  without  regard  to  width. 

In  1888,  the  conditions  in  the  Pass  became  such  that,  in  order  to 
maintain  the  leg^l  channel,  dredging  was  necessary  during  most  of  the 
time  when  such  work  could  be  done.  The  writer  was  employed  to 
make  the  necessary  improvements  to  prevent  the  periodic  shoaling  and 
narrowing  of  the  channel,  and,  from  a  careful  study  of  the  situation, 
concluded  that  the  deposit  of  sediment  in  the  channel  was  due  to 
breaks  in  the  jetties,  allowing  a  large  amount  of  water  to  escape 
before  reaching  the  end  of  the  jetties,  and  that  the  curvature  of  the 
channel  was  such  that  excessive  depths  developed  near  the  concave 
jetty  and  caused  sufficient  deposit  on  the  convex  side  to  reduce  the 
width  at  a  depth  of  26  ft.  to  less  than  200  ft. 

The  construction  of  spurs,  or  short  wing-dams,  along  the  face  of 
the  concave  jetty  at  intervals  of  about  500  ft.,  checked  the  tendency 
of  the  convex  bank  to  encroach  on  the  channel,  and  the  repairs  of  the 
breaks  through  the  jetty  walls  stopped  the  excessive  deposits,  and 
fully  justified  the  conclusion  that  the  correct  remedy  had  been  applied. 

During  the  construction  of  the  jetties  at  the  mouth  of  the  Brazos 
Biver,  a  heavy  freshet  occurred  when  the  east  jetty  was  built  above 
high  water  for  its  entire  length,  and  the  west  jetty  only  about  three- 
fifths  of  its  final  length,  which  resulted  in  scouring  out  a  channel  25 
to  30  ft.  deep  between  the  jetties,  and  built  up  the  bar  beyond  the 
outer  end  of  the  west  jetty,  so  that  the  depth  was  less  than  previous 
to  the  flood.  Careful  study  of  the  phenomena  at  both  the  South  Pass 
and  Brazos  channels  indicates  clearly  that,  unless  the  flood  waters  of 
the  rivers  are  confined  within  the  channels  until  discharged  into  the 
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littoral  current  outside  of  the  bar,  navigable  entrances  cannot  be  Mr.  Wiener, 
maintained. 

The  amount  of  curvature  given  a  channel  fixes  the  width  which  can 
be  maintained,  and,  if  the  curves  be  made  sharp  relatively  to  the 
volume  of  flow,  sufficient  width  of  channel  cannot  be  maintained  for 
the  safe  navigation  of  large  vessels. 

Experience  shows  that  deep  channels  are  maintained  easily  along 
the  concave  sides  of  curves,  and  are  deeper  and  nearer  the  bank  as  the 
curve  is  sharper. 

The  steepness  and  character  of  the  banks  also  have  much  to  do  in 
fixing  the  depth  and  position  of  the  deepest  water  relative  to  both 
sides  of  the  channel.  A  steep  smooth  bank  along  the  concave  side  of  a 
curve,  with  a  shore  having  a  gentle  incline  toward  the  bed  of  the  chan- 
nel on  the  convex  side,  is  best  adapted  for  maintaining  the  ebb  flow 
parallel  to  the  concave  bank  with  minimum  curvature  of  the  channel. 

The  results  thus  tea  obtained  by  the  incomplete  works  at  Aransas 
Pass  indicate  that  the  design  and  location  of  the  structure  is  well 
adapted  for  developing  such  conditions. 

J.  Fbanchs  Lk  Babon,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer  Mr.  Le  Baron, 
has  been  familiar  with  Professor  Haupt's  theories  in  regard  to  break- 
waters since  1888,  and  is  glad  that  an  opportunity  has  arisen  for  testing 
them  under  such  favorable  circumstances.  The  writer  uses  the  word 
favorable,  because  it  seems  to  him  that  the  conditions  at  Aransas  Pass 
are  peculiarly  adapted  to  successful  improvement  with  a  single  jetty, 
although  while  the  old  Government  jetty  remained,  the  harbor  was 
effectively  bottled  up. 

We  have  here  at  Aransas  Pass  a  large  sandbank  on  the  windward 
side  of  the  channel,  which  is  unquestionably  caused  by  the  diagonal 
action  of  the  waves  under  the  strong  Northers  moving  the  sand  down 
before  them,  until  they  reach  the  outflowing  current  of  the  Pass. 

If  this  current  were  not  there,  the  sands  moving  continuously,  ever 
as  a  resultant  of  the  diagonal  waves,  would  speedily  extend  the  shoal 
to  Mustang  Island  and  perfect  the  littoral  cordon.  Anyone  who  is 
familiar  with  the  sea  must  have  noticed  that  this  diagonal  action  is 
present  on  nearly  all  beaches  the  greater  part  of  the  time.  The 
reason  is  that,  with  the  wind  blowing  from  all  points  of  the  seaward 
semicircle,  except  the  normal,  and,  perhaps,  perfectly  parallel  to  the 
littoral,  or  even  a  couple  of  points  off  shore,  there  are  some  19  points 
of  the  compass  which  produce  a  resultant  diagonal  wave  action  with 
the  ground  swell  always  rolling  in  from  the  outer  sea,  which  is  opera- 
tive in  this  case,  not  only  whenever  the  prevailing  winds  blow,  but 
with  every  sea  breeze,  except  that  which  is  dead  on. 

The  marked  effect  of  strong  winds  blowing  diagonally  to  a  long 
straight  coast  line  is  seen  on  the  Florida  east  coast  between  Cape  Can- 
averal and  St.  John's  Bar. 
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Mr.  Le  Baron.  With  a  stiff  Norther  blowing,  the  stirface  water  is  blown  bodily 
along  the  beaoh  inside  the  breakers  to  the  southward;  the  broken  and 
lumpy  water  offering  a  better  hold  for  the  wind,  which  creates  a  strong 
race  in  the  shallow  water.  This  results  in  piling  up  the  water  to  the 
sonth,  and,  to  restore  the  eqnilibrium,  a  strong  connter-onrrent  is  estab- 
lished just  outside  the  brekkers;  and  so  it  happens  that  whenever  a 
Norther  is  blowing  there  is  always  a  stiff  current  running  up  the  beach 
in  the  face  of  the  wind,  which  is  very  noticeable.  The  writer  has 
observed  the  same  thing  on  the  north  coast  of  Honduras  during 
easterly  winds,  which  are  the  prevailing  winds  in  that  locality.  He 
has  measured  the  velocity  there  and  found  it  to  be  1.04  miles  per  hour 
inside  the  breakers.  This  current  was  heavily  charged  with  sand 
which  was  being  constantly  hurried  to  the  westward  and  deposited  on 
the  spit  on  the  east  side  of  the  mouth  of  the  Patuca  Biver,  which  iu 
this  way  had  been  built  out  400  ft.  in  eight  years  above  water.  If  this 
spit  could  be  induced  to  extend  itself  some  2  70O  ft.  it  would  form  a 
perfect  jetty,  and  this  is  what  the  writer  proposes  to  do;  to  assist 
Nature  by  building  the  lightest  jetty  possible  along  the  extension  of 
the  spit,  which  lies  below  water,  so  as  to  prevent  the  water  from  the 
harbor  overflowing  the  crest  of  the  spit  and  the  sand  from  windward 
driving  into  the  harbor;  the  spit  will  then  be  protected  in  its  work  of 
completing  the  littoral  cordon. 

Now,  this  is  what  has  happened  at  Aransas  Pass,  where  conditions 
appear  to  be  quite  analogous  with  the  work  being  done  at  Patuca  Bar. 
The  jetty  built  by  Professor  Haupt  has  arrested  the  drive  of  sand  to 
the  southward  and  has  prevented  the  escape  of  water  over  the  rim  of 
the  north  bank.  Its  curved  shape  has  undoubtedly  assisted  the  cut- 
ting out  of  the  channel,  for  the  reasoning  of  Professor  Haupt  on  this 
point  is  not  only  logical,  but  is  borne  out  by  facts  as  we  find  them  in 
all  natural  water-courses  having  any  current,  where,  as  every  truant 
school  boy  can  tell  you,  the  deepest  water  is  found  in  the  bends,  where 
he  goes  fishing. 

This  is  caused  by  the  revolving  motion  of  the  water,  caused  by  the 
current  striking  the  concave  bank  at  an  acute  angle,  and  being  guided 
by  it  in  a  circular  path  causing  the  formation  of  whirlpools  which  suck 
up  the  sand  of  the  bottom,  in  the  same  manner  that  everyone  has 
noticed  a  miniature  whirlwind  on  a  hot  day,  suck  up  in  its  vortex  the 
bits  of  paper  and  dust  in  the  street. 

Thus  far,  the  writer  agrees  entirely  with  the  author,  but  is  forced 
to  differ  from  him  on  several  other  points.  One  of  these  is  the  little 
weight  he  is  disposed  to  give  to  physical  surveys  and  examinations; 
and  here  is  shown  the  fallacy  of  leaving  a  breach  in  his  wall  to  admit 
the  flood  tide  near  the  shore.  While  the  writer  agrees  with  the  author 
fully  in  the  great  and  well-nigh  imperative  importance  of  the  study  of 
comparative  charts,  he  cannot  conceive  how  any  permanent  improve- 


Digitized 


byGoogk 


papers.]  DISGUSSIOtf  ON  RBACTION  BREAKWATER.  89 

ment  of  an  ooean  bar  can  be  intelligently  studied  withont  the  help  of  Mr.  Le  Baron, 
all  the  physical  data  which  it  is  possible  to  obtain.  These  data,  as  the 
author  observes,  may  sometimes  seem  conflicting  and  are  often  confus- 
ing, but  it  is  the  province  of  the  engineer  to  so  study  and  group  them 
as  to  harmonize  or  eliminate  the  apparent  discrepancies  and  contra- 
dictions, which,  on  careful  scrutiny,  will  generally  be  found  to  arise 
from  imperfect  or  improperly  directed  examinations,  wrong  locations 
of  observing  stations,  or  abnormal  conditions  arising  from  unusual 
phases  of  meteorological  or  fluvial  regimen. 

It  also  often  happens,  as  in  the  Tvork  upon  which  the  writer  is  now 
engaged,  that  no  previous  survey  of  the  locality  has  ever  been  made. 
.  If  we  are  to  depend  only  on  comparative  charts,  an  engineer  could 
lay  out  a  system  of  improvement  without  ever  going  on  the  ground  in 
person,  which  the  writer  thinks  few  practical  men  would  care  to 
undertake;  but  instrumental  surveys,  which  the  author  condemns, 
are  only  more  careful  and  extended  personal  observations,  elaborated 
too  much,  perhaps,  at  times,  but  still  only  a  method  of  arriving 
at  facts  which  a  simple  visit  cannot  fully  determine.  Unless  we  know 
the  direction  and  intensity  of  all  the  forces  operating  on  an  ocean 
bar  at  different  points,  how  are  we  to  estimate  the  effect  of  these 
forces,  after  the  changes  produced  by  our  proposed  works? 

The  study  of  charts  alone,  without  surveys  to  determine  the 
intensity  and  direction  of  the  forces  operating,  is  also  misleading,  ' 

when  studied  in  plan  alone,  as  volume  is  apt  to  be  overlooked. 

It  would  seem  that  the  author  has  fallen  into  this  error  when  he 
says: 

''The  effect  of  the  two  jetties  is  to  invert  the  natural  trumpet- 
shaped  opening,  and  to  diminish  the  area  of  the  gorge,  which  is  trans- 
ferred to  the  crest  of  the  bar,  thus  reducing  the  tidal  volumes, 
preventing  the  complete  tilling  of  the  interior  compartment,"  etc. 

The  author  likens  the  natural  river  mouth  to  a  trumpet.  A  more 
accurate  comparison  would  be  made  by  considering  the  trumpet  to 
be  flattened  until  it  represented  a  cubical  sector.  This  sector  has  a 
depth,  let  us  say,  of  4  or  5  ft.  When  we  narrow  the  opening  over  the 
bar  we  simply  turn  the  sector  on  its  edge  and  thus  gain  in  depth  what 
we  lose  in  width.  The  cross-sectional  area  is  practically  the  same 
as  before. 

The  author  speaks  of  preventing  the  complete  filling  of  the 
interior  compartment  of  the  Pass,  by  the  construction  of  converging 
jetties.  The  writer  would  like  to  ask  him  if  he  has  ever  seen  any 
river  mouth  or  pass  which  has  been  improved  by  converging  jetties, 
the  interior  compartment  of  which  failed  to  fill.  We  know  that  this 
has  been  prophesied  often,  but  the  writer  has  yet  to  find  a  case  where 
the  interior  compartment  failed  to  fill.  It  was  feared  that  something 
of  this  kind  might  happen  on  the  St.  John's  Biver,  Fla. ,  where  con- 
verging jetties  have  been  built,   and   upon  which  the  writer   was 
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Mr.  Le  Baron,  employed  for  several  years  as  United  States  Assistant  Engineer,  bnt 
oarefnl  surveys  and  examinations,  made  by  the  United  States  Engi- 
neers after  the  jetties  had  been  bnilt,  failed  to  show  any  diminution 
of  volume. 

It  is  admitted  that  jetties  might  be  built  so  close  together  that 
almost  no  tide-water  could  enter,  but  in  that  case  the  river,  or 
drainage,  water  from  the  surrounding  water-shed  would  fill  the  com- 
partment, which  would  be  practically  dammed  up,  with  only  a  sluice- 
way between  the  jetties.  This  might  happen  while  the  works  were 
in  an  unfinished  state,  before  the  jetty  channel  had  acquired  its  con- 
templated normal  depth,  and  the  writer  can  see  how  we  might  easily 
raise  the  water  level,  but  how  we  can  lower  it  in  the  interior  com- 
partments he  cannot  see. 

If  we  dredge  and  clear  away  all  sand  banks  from  the  mouth  of  the 
river,  or  pass,  and  widen  and  deepen  it,  the  low-water  plane  of  the 
interior  compartment  may  be  lowered  and  the  range  of  tide  increased, 
but  if  we  close  up  the  mouth  with  a  dam,  which  two  jetties  amount  to, 
with  a  sluice-way  between  them,  we  will  most  certainly  raise  the 
water  level  in  the  interior  compartments,  and  reduce  the  tidal  range, 
just  in  proportion  to  the  size  of  the  sluice-way  between  the  jetties. 
If,  then,  we  raise  the  water  level,  we  must  have  more  water  in  the 
compartment«,  and  the  writer  fails  to  see  why  fresh  water  is  not  just' 
as  good  as  salt  water  for  navigation  or  for  scouring. 

Even  where  no  river  debouches  through  the  jetties,  and  we  have 
only  a  salt-water  lagoon  or  harbor,  the  case  would  be  rare  indeed, 
where,  taking  a  period  of  a  year  or  several  months,  the  effluent  dis- 
charge did  not  exceed  the  influent.  The  reason  for  this  is,  that  there 
is  always  a  water-shed  of  greater  or  less  extent  to  every  harbor,  and 
the  writer  ventures  to  say  that  Professor  Haupt  would  never  succeed 
in  draining  even  a  purely  tidal  basin  by  building  a  dam  across  it  with 
an  open  sluice-way.  Those  who  have  had  experience  in  draining  tidal 
marshes  know  how  difficult  it  is  to  accomplish  this,  even  with  tidal 
sluice-gates. 

For  these  reasons  the  writer  is  utterly  opposed  to  the  plan  of 
leaving  an  opening  next  the  shore,  or  anywhere  eJse,  except  in  the 
jetty  channel,  for  the  admission  of  tide  water.  An  opening  through 
which  the  flood  tide  can  enter  permits  more  or  less  of  the  ebb  tide  to 
go  out,  and  by  just  that  much  we  lose  scouring  power  in  the  ship 
channel,  and  are  likely  to  set  up  a  dangerous  scour  in  the  subsidiary 
channel,  which  may  endanger  the  stability  of  the  works,  or  bring  an 
undesirable  amount  of  sand  into  the  harbor. 

This  problem  is  easily  deduced  by  the  red  actio  ad  absurdumy  for  if 
a  small  channel  is  a  good  thing,  a  larger  one  is  better.  Then  if  we 
make  it  with  the  same  cross-sectional  area  as  our  main  channel,  we 
will  lose  nearly  if  not  quite  the  same  amount  of  water,  depending  on 
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the  relative  velocities,  and  so  the  sconring  effect  is  reduced ;  for,  in  Mr.  Le  Baron. 

spite  of  the  incident,  qnoted  by  the  anthor,  of  the  flood  last  summer  on 

the  Brazos  not  deepening  the  channel  between  the  jetties  at  the 

mouth,  we  know  that  lessening  the  volume  and  velocity  of  discharge 

produces  bars  and  banks,  which  are  swept  away  when  floods  come, 

and  these  cases  are  so  well  known  and  numeroiu  as  to  require  no 

demonstration. 

If,  then,  instead  of  having  two  openings  of  say,  the  same  width, 
with  only  10  ft.  depth  each,  we  turn  all  the  water  through  one  of  20 
ft.  depth,  the  writer  fails  to  see  why  the  flood  tide  cannot  find  this 
opening  and  make  as  good  use  of  it  as  is  required.  But  the  writer 
would  prefer  to  keep  all  the  flood  tide  out,  if  it  were  possible,  and 
replace  it  with  water  of  drainage  or  river  water,  even  to  the  extent  of 
creating  a  greater  velocity  between  the  jetties  than  might  be  desir- 
able, which  there  would  be  some  danger  of  doing  if  the  mistake  was 
made  of  making  the  channel  too  narrow. 

.    This  is  a  simple  matter  of  computation,  however,  and  it  is  the  duty 
of  the  engineer  to  make  it  just  right. 

Leaving  a  jetty  without  any  support,  or  with  a  gap  between  it  and 
the  shore,  s^ms  to  the  writer  like  sending  a  forlorn  hope  into  an 
enemy's  country  unsupported.  We  are  fighting  the  forces  of  Nature, 
and  we  must  be  careful  and  not  be  cut  off  from  our  reserves. 

Another  reason  for  leaving  no  gap  in  the  line  behind  us  is  the  ever- 
restless  sand,  which,  as  previously  explained,  is  always  traveling  up 
or  down  the  beach.  If  an  opening  is  left  here  it  deposits  itself  in  the 
fair- way,  but  if  the  jetty  is  continuous  to  the  shore  the  sand  soon  fills 
up  the  bight  with  a  curved  foreshore  advanced  to  near  the  outer  end 
of  the  jetty,  backing  and  protecting  the  work,  and  rendering  it  inde- 
structible by  the  waves. 

For  this  reason,  the  jetty,  in  this  position,  can  be  very  much  less 
massive  than  would  otherwise  be  necessary,  and  so  the  cost  be  reduced 
immensely  and  the  river  banks  made  continuous  to  the  sea  end. 

This  is  what  happened  at  the  Suez  Canal,  Port  Said;  at  St.  Johns 
Bar,  Fla.,  where  the  seaward  angle  of  the  south  jetty  filled  up  for 
over  a  quarter  of  a  mile  oat;  at  Grey  town  jetty,  Nicaragua;  and  what 
is  sure  to  happen  in  every  similar  case  on  a  sandy  shore,  where  the 
prevailing  winds  blow  along  shore  and  into  the  bight  made  by  the 
jetty. 

The  writer  laid  out  the  jetty  at  Greytown,  making  an  angle  of 
about  78°  with  the  shore  line  to  the  eastward,  from  which  quarter 
came  the  prevailing  wind,  and  whence  the  sand  was  constantly  moving 
along  the  beach.  The  location  of  this  jetty  was  afterward  moved 
quite  a  distance  to  the  west,  but  the  principle  remains  the  same.  In 
the  writer's  opinion,  a  large  amount  might  have  been  saved  in  the 
cost  of  construction  at  Aransas  Pass,  if  the  jetty  had  been  connected 
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Mr.  Le  Baron,  vnih  the  shore  in  the  first  place,  as,  although  longer,  it  conld  have 
been  mnch  less  massive  and  more  secure,  for  Nature  Tirould  then  have 
been  assisted  in  building  up  the  foreshore,  which  T¥ould  have  formed 
a  solid  spit  on  the  back  or  windward  side. 

While  the  jetty  at  Aransas  Pass  has  proved  a  success  in  securing 
deeper  water,  the  writer  does  not  believe  that  we  can  make  a  hard- 
and-fast  rule,  applicable  to  every  bar.  Each  case  must  be  studied 
with  the  help  of  all  the  data  which  can  be  obtained,  and  the  success 
in  this  instance  certainly  does  not  warrant  the  author's  sweeping 
condemnation  of  convergent  or  parallel  jetties,  which  have  been 
successful,  as  the  author  admits,  at  the  Danube  and  Mississippi  Rivers, 
at  Tampico  and  also  at  St.  John's  Biver,  Fla. ,  Charleston,  Newbury- 
port,  Galveston,  Brazos  Biver,  the  Hwinemunde  Haff,  Germany, 
Volusia  Bar,  Lake  George,  and  undoubtedly  would  have  been  at 
Cumberland  Sound,  which  the  writer  laid  out  for  General  Gillmore, 
had  it  not  been  for  the  peculiar  management  of  the  work  by  Captain 
Carter. 

At  St.  John's  Bar  the  depth  has  been  increased  from  12  to  22  ft. 
At  Volusia  Bar,  of  which  work  the  writer  was  in  charge,  first  as  engi- 
neer and  later  as  contractor,  the  depth  was  increased  from  4}  to  6  ft., 
all  that  was  demanded  by  boats  of  the  class  navigating  it.  Many 
others  might  be  mentioned. 

Where  dredging  has  been  resorted  to  in  connection  with  these 
jetties  it  has  generally  been  done  while  the  works  were  yet  in  an 
uncompleted  state  and  to  hasten  the  development  of  a  deep  channel 
at  the  instance  of  some  impatient  board  of  trade  or  meddling  member 
of  Congress.  Sometimes  it  is  rendered  necessary,  owing  to  the  loca- 
tion of  the  jetties  and  the  resulting  jetty  channel,  as  at  St.  John's  Bar 
and  at  Greytown,  where  the  new  channel,  in  both  cases,  had  to  be  cut 
through  a  sand  bank  4  and  5  ft.  above  the  water.  At  St.  John's  Bar 
the  south  jetty  crossed  the  mi^n  ship  channel,  in  order  to  make  the 
resulting  jetty  channel  take  a  more  direct  route  to  deep  water  outside 
the  bar,  and  this  channel  had  to  be  made  through  a  large  sand  bank, 
known  as  Ward's  Bank,  which  was  dry  at  high  water  and  nearly  6  ft. 
above  low  water;  otherwise  the  north  jetty  would  have  had  to  be  more 
than  double  its  present  length.  It  is  a  question  if  it  would  not  have 
been  cheaper,  in  the  end,  to  have  followed  the  natural  channel,  in  this 
case,  and  assisted  Nature  to  deepen  it.  After  all,  in  all  bar  improve- 
ments, the  main  thing  is  the  location  of  the  jetties,  and  it  is  always 
safest  to  follow  and  assist  Nature,  when  possible.  This  is  shown,  in 
the  case  under  consideration,  by  the  location  of  the  old  Government 
jetty,  which  was  a  flagrant  example  of  wrong  location,  as  it  was  built 
to  leeward  of  the  proposed  channel,  leaving  it  entirely  unprotected 
from  the  encroaching  sands  to  windward,  with  the  result  that  it  failed 
entirely  to  produce  the  desired  results. 
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The  use  of  curved,  instead  of  straight,  jetties  is  not  new,  as  is  well  Mr.  Le  Baron, 
known.  Here  we  have  two  jetties,  both  curved,  but  one  properly  located 
and  the  other  improperly.  The  old  Government  jetty  is  evidently 
an  attempt  to  follow  the  plan  adopted  at  Swinemunde  Haff,  below 
Stettin,  in  Germany,  where  a  curved  jetty  was  built  over  20  years  ago, 
which  has  proved  successful;  but  this  jetty  was  built  to  windward  of 
the  channel,  as  it  should  be,  whereas  in  the  case  at  Aransas  Pass  the  fatal 
mistake  was  made  of  building  it  to  leeward.  The  fact  that  one  jetty 
has  been  built  here  which  has  secured  deep  water  does  not  prove  that 
two  jetties,  if  properly  located,  would  not  have  produced  the  same,  if 
not  better,  results;  but  if  we  can  dispense  with  one  of  the  jetties,  and 
so  save  in  cost,  of  course,  it  is  preferable  to  do  it. 

The  reason  the  author's  jetty  has  succeeded  and  the  Government 
jetty  failed  is,  in  the  writer's  opinion,  entirely  due  to  its  location,  and 
there  is  little  doubt  that  a  straight  jetty  in  the  same  location  would 
have  produced  the  same  results,  as  the  main  thing  in  this  case  was  to 
protect  the  channel  from  the  encroaching  sands  to  windward.  This 
done,  Nature  could  safely  be  left  to  do  the  rest.  In  work  of  this  kind 
we  cannot  cut  out  a  pattern,  lay  it  down  on  every  chart  of  an  ocean  bar, 
and  expect  a  jetty  or  breakwater  built  after  it  to  open  a  channel,  any 
more  than  we  can  take  the  locations,  plans  and  profile  of  one  railroad 
and  use  them  for  every  other.  Hardly  any  two  cases  can  be  treated 
exactly  alike,  but  every  one  must  be  studiejd  in  detail,  and  with  all  the 
light  of  past  experience  and  history  to  aid  us  in  digesting  and  formu- 
lating all  the  facts  obtainable  in  each  particular  case. 

Gabdnbb  8.  Williams,  M.  Am.  Soc.  0.  E.  (by  letter).— Although  Mr.  wmiamg. 
the  writer  can  lay  no  claims  to  experience  in  the  construction  of  jetties 
or  the  improvement  of  harbors,  it  has  come  in  his  way  to  study  quite 
closely  the  action  of  water  upon  the  surfaces  which  confine  it,  and  it 
seems  to  him  that  the  so-called  reaction  breakwater  is  the  only  prac- 
tical application  of  the  real  forces  of  erosion  in  moving  water  which 
has  been  cited  in  the  present  discussion.  Without  intending  to  in  any 
way  show  disrespect  for  the  older  members  of  the  profession  or  wishing 
to  be  accused  of  partisanship,  it  must  be  said  that  the  true  and  most 
effective  cause  of  scour  by  water  currents  seems  to  have  been  almost 
entirely  overlooked,  even  by  so  eminent  an  engineer  as  Captain  Eads. 

The  flow  of  water  in  straight  channels  of  regular  cross-section  is 
not  likely  to  be  accompanied  by  strong  scouring  action,  even  at  quite 
high  velocities,  because  the  direction  of  the  flow  of  the  individual 
fllaments  of  the  water  is  tangential  to  the  bounding  surface,  but  let  a 
curve  of  long  radius  be  introduced  and  something  quite  different  will 
occur.  The  point  or  region  of  maximum  velocity  will  be  disturbed 
and  carried  toward  the  convex  side  of  the  stream,  and  the  resulting 
rearrangement  of  the  velocities  will  produce  something  approaching 
a  spiral  motion  in  the  water,  which  will  not  be  for  any  considerable 
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Mr.  Williams,  distance  tangential  to  the  bounding  surfaces,  and  hence  erosion  will 
take  place  at  once.  If  the  curve  be  continued  for  a  sufficient  dis- 
tance, the  velocities  rearrange  themselves  in  conditions  most  closely 
conforming  to  their  equilibrium  and  the  scour  diminishes,  the  direction 
of  the  currents  becoming  again  tangential.  If,  now,  a  tangent  be 
introduced,  the  arrangement  of  velocities  in  the  filaments  is  again 
disturbed  and  excessive  erosion  again  sets  in,  to  disappear  once 
more  when  they  have  again  arranged  themselves.  The  success  of  the 
reaction  breakwater  lies  in  the  fact  that  it  has  set  up  these  non- 
tangential  currents,  and  the  success  of  many  double  straight  parallel 
jetties  lies  in  the  circumstances  of  their  having  received  a  stream  from 
a  tortuous  river  channel  and  forced  it  to  straighten  itself  as  it  flows 
through  them,  thereby  setting  up  the  cross  currents;  while  the  fail- 
ure of  others  of  similar  construction  has  been  due  to  the  circum- 
stance that  they  received  a  stream  already  moving  in  comparatively 
straight  lines,  and  have  continued  it  in  the  same  lines  without  setting 
up  non-tangential  currents.  So,  we  should  not  expect  that  in  the  im- 
provement of  tidal  harbors  the  passing  of  a  volume  of  water  in  and  out 
between  straight  parallel  walls  would  produce  any  very  great  amount 
of  scouring;  but  if  it  be  passed  along  a  curved  surface,  in  and  out,  a  con- 
tinual setting  up  of  eddy  currents  will  be  produced  and  the  scouring 
accomplished.  The  writer,  only  a  few  days  ago,  had  an  opportunity 
of  observing  a  current  full  of  eddies  moving  stones  half  as  large  as  a 
man's  head,  while  a  few  hundred  feet  further  on,  the  same  water,  with 
a  lineal  velocity  twice  as  great,  would  not  move  stones  the  size  of 
hens'  eggs. 
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RIVER  HYDRAULICS. 
Discussion.* 


By  A.  Mtt.TiKr  Todd,  Jnn.  Am.  Boo.  C.  E. 


A.  MniLBK  Todd,  Jun.  Am.  Soo.  C.  E.  (by  letter). — The  author  has  Mr.  Todd, 
contributed  a  valuable  addition  to  the  literature  on  hydraulics  and  on 
the  subject  of  Mississippi  Biver  Improvement. 

While  the  principles  involved  are  not  by  any  means  new,  the 
method  of  deduction,  and  of  the  transfer  of  the  discharge-gauge  rela- 
tion from  gauge  to  gauge  is  altogether  so,  as  far  as  the  writer  knows. 

The  results  obtained  present  at  once,  in  convenient  form,  a  dis- 
charge-gauge relation  for  each  gauge  considered,  which  is  most  inter- 
esting and  useful  to  river  engineers,  especially  those  in  charge  of 
levees;  for,  if  the  relation  is  demonstrated  to  be  reliable,  it  furnishes 
a  clue  to  possible  gauge  heights  when  the  river  is  confined,  which,  for 
any  very  great  flood  year,  has  never  been  done.  In  other  words,  say 
that  wo  know  the  maximum  discharge,  due  to  pass  a  given  place;  to 
what  height  on  the  gauge  will  that  discharge  raise  the  surface  level 
of  the  water? 

The  question  of  possible  gauge  height  is  a  paramount  one  to  the 
levee  engineer  when  it  becomes  necessary  to  establish  grades  for  his 
levees,  when  the  river  is  confined  throughout  its  length,  or  any  por- 
tion of  its  length. 

*  This  discussion  (of  the  paper  by  James  A.  Seddon,  M.  Am.  Soc.  C.  E.,  printed  in  the 
Proceedings  for  October,  ld9Q)  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  aU  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication,  Proceedings,  Vol.  xxr,  p.  71.) 

Communications  on  this  subject  received  prior  to  February  28d,  1000,  will  be 
printed  in  a  later  number  of  Proceedings^  and  subsequently  the  whole  discussion  will  be 
published  in  Transactions. 
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Mr.  Todd.  While  the  paper  may  not  give  conclusive  evidence  on  the  subject, 
yet  we  may  apply  the  discharge-gauge  relations,  and  compare  results 
-with  those  obtained  by  different  methods  of  computation;  which 
methods,  in  every  case,  are  crude  and  more  or  less  hypothetical.  We 
may  thus  check  former  calculations,  or  inaugurate  further  investiga-  • 
tions  and  calculations,  in  order  to  reconcile  the  discrepancy  if  any  is 
found  to  exist. 

It  is  very  true  that  it  is  difficult  and  expensive  to  measure  the  dis- 
charge at  a  sufficient  number  of  points,  and  to  study  very  closely  the 
progress  and  attendant  phenomena  and  laws  of  water  in  its  passage 
through  great  channels  like  the  Mississippi  below  Cairo.  Observa- 
tions which  have  been  made  seem  discordant  and  discrepant,  and 
methods  have  been  crude,  but,  beyond  a  doubt,  work  which  has  been 
done  along  this  line  cannot  be  praised  too  much.  From  the  very 
first  discharge  measurements  taken  in  the  Mississippi,  the  methods 
have  been  improved  upon,  and  the  consequent  results  enhanced  in 
value,  up  to  the  present  time;  and  the  writer  thinks  this  improve- 
ment, both  in  methods  and  results,  will  continue.  Therefore,  he 
would  not  too  hastily  declare  the  author's  method  of  studying  river 
phenomena  one  which  could  supersede  the  old  altogether;  but,  as 
before  stated,  the  author's  principles,  properly  applied,  should  fur- 
nish a  valuable  check  and  help  to  river  engineers  in  future  studies 
and  investigations. 

The  author  gives  what  he  calls  (average)  ''discharge  scales." 
The  writer  has  at  hand  a  ''Monograph  "  by  the  author  "on  Reser- 
voirs and  their  Effects  on  the  Floods  of  the  Mississippi  System  "  in 
which  these  "  scales  "  *  are  plotted  to  a  much  larger  scale,  and  they 
are  very  interesting  to  study.  The  writer  has  tested  them  with 
observed  discharges  taken  at  various  times,  and  has  found  that  the 
scales  agree  very  closely  with  the  actual  results  obtained  from  field 
discharge  observations,  and,  in  all  instances  and  ab  all  stages,  they 
seem  to  show  the  average  discharge. 

In  a  number  of  lines  of  study,  these  average  scales,  as  they  are, 
should  give  correct  results.  But  it  occurs  to  the  writer  that,  in  many 
instances,  before  the  levee  engineer  can  accept  the  plotted  values  as 
correct,  he  must  take  into  account  the  local  condition  of  the  water 
surface  in  the  reach  he  has  under  consideration ;  whether  it  is  rising, 
stationary  or  falling,  and  the  rate  of  rise  or  fall;  these  are  conditions 
which  affect  the  flow.  The  author  calls  attention  to  the  fact  that, 
"the  same  change  in  the  conditions  of  flow  which  would  change  the 
surface  level  by  1  ft.  in  a  river  from  50  to  100  ft.  deep,  would  only 
change  it  by  0.1  ft.  in  a  river  from  5  to  10  ft.  deep."  So  that,  while 
the  difference  in  discharge,  due  to  whether  the  reach  is  rising  or  fall- 
ing, is  small  at  low  stages,  it  becomes,  at  high  stages,  of  such  magni- 
*  House  Document,  No.  141;  2d  Session,  66tb  Congress,  Plates  8  and  9. 
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tade  that  it  cannot  be  neglected.  The  author  states  that  the  time  Mr.  IVxkL 
occupied  by  a  change  of  level,  passing  through  a  given  reach,  is  abso- 
lutely constant;  but  the  writer  understands  that  most,  if  not  all,  river 
engineers  hold,  from  observation,  that  a  fall  travels  more  slowly  than 
a  rise;  and,  even  at  low  stages,  a  rise  in  the  reach,  if  the  latter  is  long 
enough,  will  overtake  a  fall.  Thus  m  in  the  autlLor's  formula  cannot 
strictly  be  reckoned  as  a  constant. 

The  author  calls  attention  to  a  change  of  plane  at  Arkansas  City, 
and  offers  possible  explanations  as  to  the  cause,  neglecting  entirely 
what  seems  to  be  the  true  cause  of  the  change;  at  any  rate,  as  eminent 
an  engineer  as  William  Starling,  M.  Am.  Soc.  C.  E. ,  who  is  a  recog- 
nized authority  on  river  subjects,  accounts  for  the  identical  change, 
and  plots  the  identical  figure  used  by  the  author.  Fig.  7. 

In  a  paper  by  Major  Starling,*  Fig.  24,  on  page  450,  shows, 
evidently,  that  the  change  of  plane  is  that  which  recurs  regularly, 
shifting  from  one  to  the  other,  according  to  whether  the  river  is  rising, 
stationary  or  falling. 

In  that  valuable  paper  Major  Starling  undertakes  to  foretell  the 
probable  gauge  height  of  maximum  flood  discharge  in  reaches  where 
the  floods  have  never  been  confined.  He  frequently  calls  attention  to, 
and  takes  into  account,  the  difference  in  discharge,  at  equal  stages, 
due  to  **  rising  river  "  and  *' river  after  rise,"  and  he  always  obtains 
two  curves,  calling  them  the  '*  two  branches."! 

In  Fig.  16  the  writer  has  plotted  the  discharge  observations 
referred  to  by  both  the  author  and  Major  Starling,  and  has  fitted  and 
marked  distinctively,  curves  through  certain  periods  of  rise  and  fall. 

It  will  be  seen  that  the  fall  on  February  4th  had  something  to  do 
with  the  shifting  of  the  discharge- gauge  relation  up  to  the  stage  on 
that  date,  and  there  can  be  plotted,  through  the  points  indicating  a 
fall,  a  distinct  and  separate  curve  from  that  drawn  through  the  points 
marking  the  rising  stages.  This  second  branch  is  traced  down  as  long 
as  the  river  falls.  A  rise  commences  on  March  4th,  and,  instead  of 
the  discharge-gauge  relation  agreeing  with  the  rise  of  December  30th 
to  January  18th,  the  discharge  seems  to  pass  at  considerably  higher 
gauge  readings.  Under  the  circumstances,  the  writer  thinks  the 
foregoing  fact  should  be  expected.  The  average  datum  area  was 
practically  the  same  during  both  rises;  while,  from  December  30th  to 
January  18th,  19  days,  the  river  rose  25  ft.,  or  an  average  of  1.3  ft.  per 
day,  and  from  March  6th  to  March  23d,  17  days,  it  rose  only  13  ft. ,  or 
an  average  of  0.7  ft.  per  day. 

For  any  portion  of  the  reach  in  which  Arkansas  City  is  situated,  if 
there  are  gauge  relations,  which  cannot  be  doubted,  then,  for  a  rise  of 
1.3  ft.  per  day,  the  slope  is  bound  to  be  greater  than  for  a  rise  of  only 

<»  ''  The  Discharge  of  the  Mississippi  River,  Tranaacti<mM,  Am.  Soc.  C.  £.,  Vol.  zxziT, 
p.  847. 

t  Ibid,  p.  UK,  Fig.  89. 
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Mr.  Todd.  0.7  ft.  per  day.  Assuiuiitg,  as  the  author  does,  that  the  miles  per  daj 
traveled  by  a  change  of  gauge  height  in  a  given  reach  A  B,  Fig.  17,  is 
constant;  assuming,  also,  that  1  ft.  rise  at  ^  is  equal  to  the  same 
amount  of  rise  at  B,  or  that  the  gauge  relation  of  ^  to  ^  is  1,  and 
that  the  time  interval  is  1  day;  also,  suppose  that,  on  a  given  day, 
the  gauge  at  A  shows  arise  of  0.7  ft.,  then  the  full  line  A^-B  will 
represent  the  general  slope  of  the  river  on  that  day ;  the  next  day 
there  will  be  0.7  ft.  rise  at  B  and  also  at  A,  and  for  all  succeeding 
days,  as  long  as  the  increment  of  0.7  ft.  daily  at  A  obtains,  the  slope 
on  those  days  will  continue  parallel  to  A^-B,  If  a  1.8-ft.  rise  is 
recorded  at  A,  the  dashed  line  A^B  will  represent  the  general  slope 
for  that  day,  and  for  all  succeeding  days  of  the  1.3*ft.  rise.  Now, 
for  example,  assume  the  distance,  A  to  B,  equal  to  60  miles,  then  the 
increase  of  slope  of  the  1.3-ft.  rise  over  the  0.7-ft.  rise  is  0.006  ft.  per 
mile.  The  slope  being  a  function  of  discharge,  the  discharge-gauge 
relation  varies  accordingly. 

It  is  the  writer's  opinion,  that,  as  long  as  the  river  is  rising 
or  falling  at  nearly  a  constant  rate,  if  true  discharge  measurements 
could  be  obtained  and  plotted,  the  points  would  lie  in  two  perfectly 
regular  curves,  one  representing  the  rising  river,  and  the  other  the 
falling  river,  for  that  rate  of  rise  or  fall;  and  points  for  any  other  rate 
of  rise  or  fall  will  depart  from  these  curves  more  or  less.  So  that,  for 
the  conditions  of  the  water  surface,  with  constantly  varying  rates  of 
rise  and  fall,  the  actual  curve  of  discharge-gauge  relations  is  never  a 
regular  one.  But,  between  an  imaginary  curve,  representing  the 
discharges  passed  throughout  a  rise  to  extreme  flood  height,  rising  at 
the  constant  rate  of  the  greatest  known  average  rise  per  day,  and  a 
curve  representing  a  fall  under  the  same  conditions,  there  may  be 
constructed  a  mean  curve  which  would  give  a  basis  by  which  to  reckon 
discharge- gauge  relations  under  all  varying  conditions  of  flow. 

If  the  observations  from  which  Fig.  16  was  derived  had  been 
continued,  and  the  river  had  fallen  to  a  stage  of  8  ft. ,  without  being 
influenced  by  any  sudden  rise  or  fall,  the  points  obtained,  the  writer 
thinks,  would  lie  about  where  the  x  marks  are  indicated.  Taking 
these  points  into  consideration,  and  also  the  points  plotted  at  50  to 
51.5  ft.,  obtained  from  discharge  observations  of  the  Mississippi  Biver 
Commission  in  1897  and  1898,*  and  projecting  a  mean  curve  through 
all  the  points  obtained,  as  indicated  by  the  full  line,  this  curve,  in 
similar  form,  would  correspond  to  the  author's  discharge  scales,  and 
is  about  what  he  would  obtain  for  Arkansas  City,  if  not  exactly  the 
same. 

Fig.  16  shows  plainly  the  departure  of  some  of  the  observed  dis- 
charges from  the  average  discharge-curve.  For  investigations  requir- 
ing the  summation  of  discharge  over  a  period  covering  a  rise  and  the 
*  See  corresponding  reports  of  the  Mississippi  River  Commission. 

Digitized  by  CjOOQ IC 


Papers.] 


DISCUSSION  OM"  BIYER  HYDRAULICS. 


99 


corresponding  fall  to  about  the  same  stage,  the  scales  oonstrnoted  by  Mr.  Todd, 
the  author  cannot  be  improved  upon.  But,  as  before  stated,  they  will 
not  do  where  the  discharge  coyering  any  given  day,  or  the  maximum 
discharge,  is  wanted.  To  render  the  average  discharge  curve  useful 
in  such  instances,  corrections  must  be  applied  to  all  stations,  at  least 
below  Cairo,  in  the  Lower  Mississippi;  and,  the  writer  thinks,  that 
the  correction  depends  principally  on  the  slope  of  the  surface  of  the 
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water  in  the  reach  in  which  the  gauge  station  under  consideration  is 
located,  and  at  the  time  the  discharge  corresponding  to  a  given  gauge 
height  is  desired.  These  slopes  can  be  had  roughly,  at  the  present 
time,  and,  if  the  gauge  stations  were  located  and  kept,  as  suggested  by 
the  author,  the  slope  between  them  could  be  ascertained  accurately 
at  all  times. 
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Mr.  Todd.  '^^^  author  states  that  in  certain  instances  corrections  shonld  be 
applied,  and  undoubtedly  he  has  taken  all  the  foregoing  facts  into 
consideration,  and  probably  has  a  method  of  applying  the  correc- 
ction,  not  hinted  at  by  him  or  conceived  of  by  the  writer.  Possibly 
the  -writer,  in  his  limited  study  of  the  problem,  has  laid  too  much 
stress  on  the  slope  as  due  to  the  many  various  conditions  of  the  river, 
owing  to  the  rise  and  fall  alone;  at  any  rate,  he  hopes  that  the  author 
will  state,  in  his  closure,  what  his  corrections  are,  and  to  what  extent 
they  will  affect  the  quantities  given  by  the  discharge-scales. 

There  is  one  thing  certain,  as  the  author  states,  in  transferring  the 
investigations  down  the  river  below  Cairo,  the  problem  becomes  com- 
plex indeed,  due,  principally,  to  the  enormous  number  of  variations 
and  combinations  of  slope  and  momentum  possible,  according  to  the 
condition  of  the  water  level,  not  only  in  the  single  reach,  but  prob- 
ably in  several  reaches  above,  which  may  affect  the  discharge  ma- 
terially; and  also  to  the  conditions  and  stage  existing  in  the  various 
tributaries.  However,  the  only  way  to  arrive  at  any  tangible  results, 
in  clearing  up  and  solving  this  great  problem,  is  to  keep  hammering 
away  at  it;  and  the  more  we  hammer,  the  sooner  the  desired  end 
A 

B 


Fie.  17. 
will  be  attained.  After  the  levees  have  been  maintained  through- 
out several  extreme  high  waters,  we  may  expect  to  have  some  light  on 
the  subject.  Heretofore,  all  the  extreme  high  waters,  after  passing 
Cairo,  have  first  been  restrained  in  one  place,  and  then  have  broken 
the  levees  and  inundated  basins  in  other  places,  the  conditions  of  no 
one  year  repeating  themselves  the  next;  and  it  is  impossible  to  study , 
with  any  degree  of  satisfaction,  a  flood  spread  over  100  000  square 
miles  and  upward.  One  flood,  that  of  1898,  of  comparatively  short 
duration,  which  came  within  2  ft.  of  the  1897  water  at  Cairo,  was  re- 
strained successfully  where  leveed.  The  St.  Francis  levees  were  not 
completed,  within  some  100  miles  of  Helena,  but  the  remaining  portion 
is  now  being  constructed.  This  basin  being  for  a  great  part  still  open, 
the  question  of  the  effect  of  its  closure  on  the  flood  plane,  or  gauge  at 
Helena,  is  still  problematicaL 

So  that,  for  many  years  to  come,  the  subject  presented  by  the 
author  will  be  an  important  study  to  all  engineers  interested  in  the 
Mississippi  Biver  problem,  and  it  is  to  be  hoped  that  he  will  give  us, 
at  some  future  date,  the  results  of  his  further  investigations. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note.— Memoirs  will  be  reproduced  In  the  Volumes  of  Tranaactiona,  Any  informa- 
tion which  will  amplifv  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 


BOBEBT  GILLHAM,  M.  Am.  Soc  C.  £.« 


Died  May  19th,  1899. 


Boberfc  Gillham  was  bora  in  New  York  City,  September  26th,  1854, 
being  the  third  son  of  John  and  Clarissa  Gtillham.  His  father  is  an 
Englishman,  bnt  emigrated  to  America  in  early  life,  and  has  held 
important  positions  of  trnst  under  the  Gk>yernment  of  the  United 
States. 

His  mother  was  an  American,  from  one  of  the  oldest  and  most 
respected  families  of  New  Jersey. 

Having  completed  a  course  at  a  private  school  in  Lodi,  N.  J.,  at 
the  age  of  sixteen,  he  entered  the  Institute  at  Hackensack,  N.  J.  He 
soon  became  assistant  to  Professor  Williams,  President  of  the  Insti- 
tute, and  under  his  private  instructions  continued  the  study  of 
engineering  until  1874,  when  he  began  to  practice  his  profession  at 
Hackensack.  Here,  many  problems  were  entrusted  to  him,  the  suc- 
cessful solution  of  which  brought  him  much  special  work  from  New 
York  City. 

It  was  at  this  time  that  he  was  given  the  problem  of  utilizing  the 
sulphur  in  zinc  ores.  After  a  most  exhaustive  investigation  of  all  the 
methods  in  use,  Mr.  Oillham  designed  a  furnace  for  desulphurizing 
zinc  ores  in  such  a  way  that,  while  the  value  of  the  zinc  was  in  no 
way  affected,  the  sulphuric  acid  gas  was  used  in  the  manufacture  of 
sulphuric  acid.  This  was  a  most  important  step  in  the  economy  of 
zinc  production. 

Mr.  Gillham  removed  to  Kansas  City,  Mo.,  in  1878.  He  quickly 
saw  the  advantages  of  cable  traction  for  the  operation  of  street  railways 
for  that  city,  and  at  once  proceeded  to  make  plans  for  a  cable  railway 
to  run  from  the  Union  Depot,  up  the  precipitous  bluff,  direct  to  the 
business  center  of  the  city.  The  idea  of  such  a  thing  was  so  novel, 
and  the  engineering  difficulties  were  apparently  so  great,  that  his 
project  was  first  regarded  as  chimerical  by  all  those  who  were  in  a 
position  to  assist  him.  After  many  disappointments  and  discourage- 
ments, he  succeeded  finally  in  enlisting  the  necessary  capital.  His 
next  problem  was  to  obtain  a  franchise  from  the  city.     Here,  he 

*  Memoir  prepared  by  R.  J.  McCarty,  M.  P.  Paret  and  G.  W.  McXulty,  Members, 
Am.  Soc.  C.  E. 
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enooantered  the  resistance  of  the  horse-railway  company,  which,  not- 
withstanding its  inadequacy,  was  being  operated  at  a  great  profit. 
This  resistance,  owing  to  the  great  local  influence  of  that  company, 
proved,  according  to  Mr.  Gillham's  own  statement,  one  of  the  most 
formidable  obstacles  encountered  in  his  career.  However,  with  an 
unexampled  tenacity  of  purpose,  he  persisted  until  success  had 
crowned  his  efforts. 

The  spectacle  of  this  young  man  of  twenty -five,  practically  a 
stranger  in  a  strange  land,  essaying  to  solve  engineering  problems 
which  older  heads  had  pronounced  impracticable,  proceeding  with  his 
task,  undisturbed  by  the  strictures  of  ignorance  and  undismayed  by 
the  immense  power  of  municipal  politics  which  he  found  arrayed 
against  him,  and  conducting  his  enterprise  to  a  pre-eminently  suc- 
cessful issue,  both  in  a  physical  and  a  financial  sense,  may  justly  be  held 
up  to  all  men,  both  young  and  old,  for  emulation. 

The  complete  and  astonishing  success  which  finally  attended  his 
labors  was  emphasized,  not  only  by  the  enrichment  of  his  associates, 
but  also  by  the  adoption  of  his  plans,  to  its  immense  profit,  by  the 
very  company  which  had  so  bitterly  opposed  him. 

It  is  sad  to  relate,  however,  that  just  in  the  hour  of  his  triumph  he 
was  stricken  down  by  an  accident  which  caused  him  to  hover  between 
Hfe  and  death  for  many  months,  when  he  should  have  been  resting  in 
peace  from  his  labors  and  enjoying  in  health  and  comfort  the  feeling 
which  comes  from  the  consciousness  of  important  services  rendered 
and  arduous  duties  well  performed.   . 

Having  recovered  his  wonted  health  and  spirits,  he  conceived  the 
idea  of  an  elevated  railway  over  the  low  lands  to  the  west  of  Kansas 
City,  Mo. ,  and  across  the  Kansas  Biver  to  Kansas  City,  Kaus. 

Owing  to  the  then  undeveloped  condition  of  street-railway  traction, 
he  was  forced  to  the  use  of  steam,  it  not  being  practicable  to  use  the 
cable.  Having  constructed  the  road  west  from  the  Union  Depot  in 
Kansas  City,  Mo.,  it  soon  became  necessary  to  extend  it  eastward  to 
the  business  center  of  that  city.  This  called  for  a  tunnel  of  700  ft. 
under  the  bluff,  on  a  9%  gradient,  and  made  necessary  the  adoption 
of  oable  traction  for  the  extension.  The  whole  work  was  completed 
in  18b7,  but  the  road,  from  the  necessity  of  having  two  kinds  of 
power;  and  from  the  fact  of  its  being  a  little  in  advance  of  require- 
ments, did  not  prove  at  first  a  financial  success. 

About  this  time  he  also  had  charge  of  the  construction  of  the 
Omaha  Cable  Railway,  the  Denver  City  Cable  Railway,  the  Montague 
Street  Cable  Railway,  in  Brooklyn,  and  the  Cleveland  City  Cable  Rail- 
way, all  of  which  enterprises  were  based  upon  the  success  of  Mr. 
Oillham's  Kansas  City  Cable  Railway. 

In  1888  he  was  retained  to  investigate  the  problem  of  changing  the 
motive  power  of  the  Boston  street  railways  from  horse  to  cable. 
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Before  he  had  completed  his  inTestigations,  however,  the  prac- 
ticability of  electrioitj  as  a  motive  power  for  street  railways  had 
been  demonstrated,  and  the  Boston  people  decided  to  adopt  that 
method  of  traction. 

Shortly  after  this,  in  connection  with  the  late  John  A.  Wilson,  M. 
Am.  Soc.  C.  R,  of  Philadelphia,  he  made  a  report  relating  to  an 
extensive  elevated  railway  system  for  Boston. 

He  also  visited  Europe,  and  made  extensive  investigations  of  the 
problem  of  compressed  air,  in  Paris  and  London. 

In  1890  the  Kansas  City  Elevated  Railway  Company  had  become 
involved  in  financial  difficulties,  and  Mr.  Gillham  was  asked  to  take 
charge  of  the  rehabilitation  of  the  property,  and  was  appointed 
Beceiver  and  General  Manager  of  that  company.  He  at  once  changed 
the  motive  power  to  electricity,  and  by  his  snccessfnl  management 
and  adroit  and  able  conduct  was  able,  in  1894,  to  effect  a  sale  of  the 
properties  to  the  Metropolitan  Street  Bailway  Company,  on  terms 
highly  advantageous  to  those  he  represented. 

He  was  at  the  same  time  Beceiver  and  General  Manager  of  the 
North  East  Street  Bailway  Company,  of  Kansas  City,  and  conducted 
the  affairs  of  that  company  to  a  highly  satisfactory  settlement. 

Mr.  Gillham's  labors  in  connection  with  the  receivership  and 
management  of  the  Kansas  City  Elevated  Bailway  were  exceedingly 
arduous,  so  much  so,  in  fact,  that  in  the  summer  of  1894,  shortly  after 
the  settlement  of  that  company's  affairs,  he  was  stricken  with  nervous 
prostration,  and  was  compelled  to  spend  some  months  in  recuperation. 

In  1895,  he  accepted  the  position  of  Chief  Engineer  of  the  Kansas 
City,  Pittsburg  and  Gulf  Bailroad  Company.  At  that  time  this  rail- 
road had  only  been  built  as  far  as  Siloam  Springs,  Ark.,  230  miles 
south  of  Kansas  City.  By  the  latter  part  of  1897,  Mr.  Gillham  had 
the  line  completed  and  in  operation  through  to  Port  Arthur,  Tex.,  a 
total  distance  of  nearly  800  miles  from  Kansas  City,  and  had  also  built 
and  in  operation,  about  90  miles  of  railroad  in  Missouri,  north  from 
Kansas  City,  and  50  or  60  miles  of  branch  roads  in  the  southern  parts 
of  the  Pittsburg  and  Gulf  Bailroad  System. 

One  great  work  which  Mr.  Gillham  undertook,  was  the  construc- 
tion of  the  Port  Arthur  Ship  Canal,  which  extended  from  Port  Arthur, 
Tex. ,  the  southern  terminus  of  the  Pittsburg  and  Gulf  Bailroad,  to 
deep  water  at  Sabine  Pass,  Tex. ,  on  the  Gulf  of  Mexico.  This  canal  is 
7i  miles  long,  175  ft.  wide  and  25  ft.  deep,  and  at  the  time  of  writing 
this  memoir,  but  a  few  months  after  Mr.  Gillham's  death,  is  practically 
completed.  The  canal  was  begun  in  the  latter  part  of  1896.  The  en- 
gineering difficulties  were  readily  overcome  by  the  foresight  and 
resource  of  its  Chief  Engineer,  though  the  opinions  of  several  well- 
known  engineers  were  against  the  practicability  of  the  project. 

From  the  first,  the  enterprise  met  with  strenuous  opposition  from 
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adverse  interests,  and  the  opponents  of  the  canal  thoroughly  exhausted 
every  known  method  of  resistance,  both  in  and  out  of  the  courts.  They 
even  succeeded  in  getting  the  United  States  Government  to  interfere. 
Mr.  Gillham  was,  however,  not  only  an  engineer,  but  a  diplomatist  of 
more  than  average  ability,  and  having,  moreover,  a  remarkable  faculty 
of  presenting  his  views  and  opinions  in  a  plain  and  convincing  manner, 
he  soon  broke  down  all  opposition. 

In  1896,  he  was  appointed  General  Manager  of  the  Kansas  City, 
Pittsburg  and  Gulf  Railroad,  as  well  as  of  the  Kansas  City  Suburban 
Belt  Railroad. 

In  1897,  in  addition  to  these  positions,  he  also  assumed  the  posi- 
tions of  General  Manager  and  Chief  Engineer  of  the  Omaha  and  St. 
Ix>uis  and  the  Omaha,  Kansas  City  and  Eastern  Railroad,  and  of  the 
Kansas  City  and  Northern  Connecting  Railroads. 

On  April  1st,  1899,  he  was  appointed  one  of  the  Receivers  of  the 
Kansas  City,  Pittsburg  and  Gulf  Railroad,  retaining  his  position  as 
General  Manager  both  of  the  Kansas  City,  Pittsburg  and  Gulf  and  the 
Kansas  City  Suburban  Belt  Railroads,  but  resigning  his  position  on  the 
other  roads  mentioned. 

On  April  27th,  1899,  as  a  result  of  the  litigation  of  the  affiftirs  of  the 
Kansas  City,  Pittsburg  and  Gulf  Railroad,  a  change  was  made  in  the 
receivership  of  that  company,  but  Mr.  Gillham  was,  in  recognition  of 
his  services  and  abilities,  appointed  by  the  Court  as  General  Manager 
for  the  new  receivers. 

But  this  sphere  of  routine  railroad  work,  though  large,  not  being 
sufficient  to  satisfy  his  enterprising  spirit,  he  at  the  same  time  sought 
other  fields  to  fill  the  measure  of  his  energy  and  talents. 

Thus,  at  the  time  of  his  deaths  he  held  the  following  positions: 

General  Manager  and  Chief  Engineer  for  the  Receivers  of  the  Kansas 
City,  Pittsburg  and  Gulf  Railroad;  General  Manager  and  Chief  Engi- 
neer of  the  Kansas  City  Suburban  Belt  Railroad;  General  Manager  and 
Chief  Engineer  of  the  Port  Arthur  Channel  and  Dock  Company;  Presi- 
dent of  the  Armourdale  Foundry  Company;  Vice-President  of  the 
Kansas  City  Elevated  Railway  Company;  Director  in  the  Missouri, 
Kansas  and  Texas  Trust  Company  and  the  Kansas  City,  Pittsburg  and 
Gulf  Raiboad. 

He  was  also  an  active  member  of  the  Board  of  Park  Commissioners 
of  Kansas  City,  Mo.,  in  which  capacity  he  had  done  much  to  develop 
the  park  systems  of  that  city. 

He  was  a  leading  member  of  the  Commercial  Club  of  Kansas  City, 
having,  as  such,  devoted  much  of  his  time  and  energies  to  the  work  of 
that  organization. 

He  was  a  member  of  the  American  Society  of  Civil  Engineers,  of 
the  Society  of  Marine  Architects  and  Naval  Engineers,  and  of  the  In- 
stitution of  Civil  Engineers  of  England. 
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In  December,  1881,  he  was  married  to  Miss  Minnie  Marty,  the 
daughter  of  a  prominent  capitalist  of  Kansas  City.  His  wife,  two 
daughters  and  an  infant  son  surrive  him. 

For  some  time  before  his  death,  the  condition  of  his  health  ad- 
monished his  friends  that  he  was  overworked,  in  fact  during  this 
period  it  would  seem  that  nothing  save  his  enterprising  spirit  and 
wonderful  recuperative  powers  had  borne  him  up. 

On  May  13th,  1899,  having  just  returned  from  an  exhausting  tour 
of  inspection  over  the  Kansas  City,  Pittsburg  &  Gulf  Railroad,  he 
left  his  office  at  6  p.  m.  as  usual.  As  soon  as  he  reached  home  he  was 
stricken  with  a  nervous  chill,  which  was  followed  by  pneumonia.  His 
physicians  stated  that  ordinarily  he  would  have  easily  thrown  off  the 
disease,  but  that  in  his  exhausted  condition  the  worst  might  be 
feared.  He  lingered  until  8.30  p.  m.,  May  19th,  when  he  passed  peace- 
fully away,  surrounded  by  his  family  and  nearest  friends. 

Mr.  Gillham's  interesting  and  valuable  career  resulted  from  a  rare 
faculty  to  create  his  own  opportunities,  from  an  alnlity  to  use  the 
same  for  the  achievement  of  practical  results,  from  an  integrity  and 
loftiness  of  purpose  which  directed  his  powers  to  the  highest  and  most 
useful  ends,  from  a  genial  and  engaging  manner,  concerning  the  sin- 
cerity of  which  his  contempt  for  all  hypocrisy  and  his  many  deeds  of 
disinterested  kindness  left  no  room  for  doubt,  and  from  a  courage, 
constancy  and  energy  which  left  him  ever  undismayed. 

It  happened  that  just  before  his  death  he  was  selected  to  present  a 
tribute  to  the  memory  of  a  prominent  fellow  citizen.  This  tribute 
contained  the  following  words : 

''Nature,  having  so  constructed  man  that  he  might  not  exist  with- 
out relation  to  his  fellow  man,  has  kindly  placed  among  us  some  whose 
mission  is  to  scatter  peace  and  happiness  all  along  the  path  of  life. 
To  every  one  of  these  there  is  a  monument  built  of  his  own  good  deeds, 
and  though  inscriptions  may  not  be  upon  it,  God  will  know  to  whom 
it  was  erected. " 

These  words  will  serve  to  show  the  standard  of  their  author's 
excellence,  and  his  life  and  deeds  proclaim  how  well  he  followed  it. 

Mr.  Gillham  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  June  2d,  1886. 
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REPORT  IN   FULL  OF  THE   FORTY-SEVENTH    ANNUAL 
MEETING,  JANUARY  17th  and  i8th,  1900. 

Wednesday,  January  17th,   1900. — The  meeting  was   called  to  MeeUng  caUed 
order  at  10.15  a.  m.,   President  Desmond  FitzGerald  in  the  chair; 
Charles  Warren  Hunt,  Secretary. 

The  President. — Gentlemen,  will  you  please  come  to  order?  Now, 
we  have  a  long  meeting  and  I  hope  you  will  all  take  an  active  part  in 
it,  so  that  we  may  get  through  by  one  o'clock. 

The  first  matter  of  business  is  the  reading  of  the  records  of  the  last     Minutes  of 
meeting,  and  Mr.  Bichardson  moves  that  the  reading  of  the  records  of  ^^^^  Meeting, 
the  last  meeting  be  dispensed  with.     Those  in  favor  of  that  motion 
will  signify  it  by  saying  Aye;  opposed,  No. 

The  motion  was  carried. 

The  Pbesedent.— The  first  business  is  to  appoint  the  Tellers,  to  can-    Tellers 
vass  the  ballot  for  officers  for  the  ensuing  year.     The  Chair  will  ap-  ^PP*^*"*®*^* 
point  Mr.  T.  McC.  Leutz^  and  Mr.  H.  M.  Bood,  if  those  gentlemen 
will  kindly  begin  the  duties  of  their  office. 
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The  Secbbtabt. — In  the  front  room  the  Tellers  will  find  the  ballots 
prepared,  and  assistantB  to  help  open  them. 

The  President. — As  this  is  a  long  process  of  counting  votes  and 

will  take  some  time,  if  any  one  here  has  not  voted  he  will  hav& 

abundant  opportunity  to  do  so;  but  the  polls  will  be  closed  at  twelve 

o'clock. 

Reoort  of  the       The  first  important  business  this  morning  is  the  reading  of  the- 

^rSction.     report  of  the  Board  of  Direction.     The  Secretary  will  please  read  it. 

The  Secretary  read  the  report  of  the  Board  of  Direction.* 

The  Pbbsidbnt.  — Gentlemen,  you  have  heard  the  report  of  the 
Board  of  Direction  as  read  by  the  Secretary.     What  is  your  pleasure? 

Mendes  Cohen,  Past  President  Am.  Soc.  G.  E. — I  move  its  accept- 
ance, sir,  and  that  it  be  placed  on  file. 

The  motion  was  seconded. 

The  Pbbsident. — It  is  moved  that  the  report  be  accepted  and  placed 
on  file.  Those  in  favor  of  the  motion  will  please  signify  by  saying 
Aye;  opposed,  No. 

The  motion  was  carried. 

The  Pbesident. — The  next  report  is  the  report  of  the  Treasurer. 

The  Secretary. — I  do  not  see  that  the  Treasurer  is  here. 

The  President.— Mr.  Thomson  is  not  here.  Will  the  Secretary 
please  read  the  report  ? 

The  Secretary  read  the  report  of  the  Treasurer.f 

The  President. — What  is  your  pleasure  with  this  report,  gentle* 
men  ? 

Mr.  Cohen. — I  move  its  acceptance  and  that  it  be  placed  on  file. 

The  motion  was  seconded. 

The  President. — It  is  moved  that  the  report  of  the  Treasurer  be 
accepted  and  placed  on  file.  Those  in  favor  of  the  motion  will  signify 
by  saying  Aye;  opposed,  No. 

The  motion  was  carried. 

The  President. — Does  any  gentleman  wish  to  ask  any  question  in 
regard  to  this  report?  Or,  perhaps,  we  had  better  wait  until  they  are 
all  read.  If  that  is  the  pleasure  of  the  meeting  we  will  wait  until 
these  reports  are  all  read.     The  next  is  the  report  of  the  Secretary. 

The  Secretary  read  his  report,  t 

The  Secretabt. — I  may  say  that  the  payment  spoken  of  in  the 
report  of  the  Board  of  Direction  of  $10  000  has  already  been  made.  It 
was  made  on  the  15th  of  this  month. 

The  President. — Is  that  the  whole  of  your  report  ? 

The  Secretary. — Yes,  sir. 

The  President. — What  is  your  pleasure  in  regard  to  the  report  of 

•  See  Proceedings,  Vol.  xxvi,  p.  7  (January,  1900). 
t  See  Proceedings,  Vol.  xxvi,  p.  18  (January,  1900), 
t  See  Proceedings^  Vol.  xxvi,  p.  14  (January,  1900). 
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the  Secretary  ?  It  is  moved  that  the  report  of  the  Seoretary  be  accepted 
and  placed  on  file.  Those  in  favor  of  the  motion  will  signify  it  by  say- 
ing Aye;  opposed,  No. 

The  motion  was  carried. 

The  Pbesident. — The  next  business  will  be  the  report  of  the  Com-  Report  of 
mittee  to  Becommend  the  Award  of  Prizes  for  the  last  year.  Is  the  Award  of 
chairman  of  that  Committee  here,  Mr.  Secretary?  Priaes. 

The  Seobetabt. — Mr.  Bodd  is  the  chairman.  I  do  not  see  him 
here. 

The  Pbesident. — Is  there  any  member  of  the  Committee  here? 
Have  yon  the  report,  Mr.  Secretary? 

The  Secbetabt. — Yes,  sir. 

The  Secretary  read  the  following  report  of  the  Committee  to  Becom- 
mend the  Award  of  Prizes  and  Medal : 

Report  of  Committee  to  Recommend  Award  of  Prizes. 

PrrTSBTJBo,  Pa.,  Januaet  6th,  1900. 
To  the  Board  of  Direction, 

Amebican  Society  of  Civiii  Enoineebs, 

220  West  Fifty-seventh  Street,  New  York  City. 
Gentlemen,— Your  Committee  to  Award  the  Prizes  and  Medal  for 
papers  published  during  the  year,  ending  with  the  month  of  July, 
1899,  begs  to  report  as  follows : 

After  careful  consideration,  we  are  unanimous  in  recommending  the 
award  of  the — 

CoUingwood  Prize: — To  Paper  No.  846,  by  Julius  Eahn,  on  '*  Coal 
Hoists  of  the  Calumet  and  Hecla  Mining  Company." 

The  Thomas  Fitch  Rowland  Prize:— To  Paper  No.  836,  by  B.  S. 
Buck,  on  the  *•  Niagara  Bailway  Arch." 

The  Norman  Medal:— To  Paper  No.  850,  by  E.  Herbert  Stone,  on 
''The  Determination  of  Safe  Working  Stress  for  Bailway  Bridges  of 
Wrought  Iron  and  Steel. " 

Bespectfully  yours, 

Thos.  Bodd, 

CTiairman, 

The  Secbetabt. — At  a  meeting  of  the  Bpard  of  Direction  held  yes- 
terday, it  was  resolved  to  award  these  prizes  in  accordance  with  the 
recommendations  of  this  Committee. 

The  Pbesident. — Gentlemen,  you  have  heard  the  report  of  this 
Committee.  What  is  your  pleasure?  It  is  moved  by  Mr.  French  that 
this  report  be  accepted  and  placed  on  file.  Those  in  favor  of  that 
motion  will  signify  by  saying  Aye;  opposed,  No. 

The  motion  was  carried. 

The  Pbesident. — I  think,  gentlemen,  that  this  is  the  first  time  in 
the  history  of  the  Society  that  the  award  of  the  Norman  Medal  has 
been  made  to  a  member  of  the  Society  who  is  not  living  in  this  country. 
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Award  of  or  is  not  an  American.     Mr.  Stone,  I  think,  is  living  in  India,  is  he 
Prizes.  .„ 

not? 

The  Secbetaby. — Yes,  sir. 

The  Pbesident. — And  that  is  something  more  than  an  ordinary 

compliment  it  seems  to  me,  that  this  year  the  Norman  Medal  goes  to  a 

non-resident. 

Beport  The  following  resolution  was  adopted  at  the  last  Annual  Ck)nven- 

on  Resolution   , .  °  '^ 

Relative       tion: 

^^CommSSw?*  "That  the  Board  of  Direction  be  requested  to  consider  the  propriety 
of  providing  for  the  payment  of  the  expenses  of  the  members  forming 
the  Nominating  Committee  in  attending  the  meeting  of  that  Committee 
and  report  with  further  suggestions  in  regard  to  methods  for  the  nom- 
ination of  officers  at  the  Annual  Meeting. " 

Also  it  was  moved,  seconded  and  carried,  that  the  Article  of  the 
Constitution  referring  to  the  matter  of  the  Nominating  Committee  be 
referred  to  the  Board  of  Direction  for  consideration  and  report. 

A  report  of  the  Board  of  Direction  has  been  made  and  has  been 
adopted  in  regard  to  this  subject.  That  report  will  now  be  read  by  the 
Secretary. 

The  Secretary  read  the  report  as  follows: 

Report  of  the  Board  of  Direction  in  Matters  Relating  to  the 
Nomlnatlnjt:  Committee. 

The  following  resolutions  were  adopted  at  the  Annual  Convention: 

"  That  the.  Board  of  Direction  be  requested  to  consider  the 
propriety  of  providing  for  the  payment  of  the  expenses  of  the 
members  of  the  Nominating  Committee  in  attending  the  meetings  of 
that  Committee;  and  to  report  with  further  suggestions  in  regard  to 
methods  for  the  nomination  of  officers  to  the  Annual- Meeting  "  and 

*^  That  the  matter  of  the  revision  of  the  Article  of  the  Constitution 
relating  to  the  nomination  of  officers  be  referred  to  the  Board  of  Direc- 
tion for  consideration  and  report." 

The  Board  respectfully  reports  that,  after  careful  consideration  of 
the  whole  matter,  it  does  not  seem  necessary  that  any  action  be  taken 
to  provide  for  the  payment  of  traveling  expenses  to  members  of  the 
Nominating  Committee,  for  the  following  reasons : 

First. — The  uncertainty  of  the  amount  involved,  and  the  possible 
opening  of  the  door  to  payment  of  other  traveling  expenses  from  the 
funds  of  the  Society,  for  the  attendance  of  Directors  at  monthly 
meetings,  and  for  the  attendance  of  members  of  special  and  standing 
committees. 

Second.— The  Nominating  Committee,  as  at  present  constituted, 
consists  of  nineteen  members  annually,  seven  of  which  are  elected  each 
year  and  one  being  added  each  year  by  reason  of  his  becoming  a  Past- 
President.  Eleven  members  of  this  Committee  therefore  hold  over 
and  have  more  than  a  year  in  which,  by  correspondence,  to  arrive  at  the 
views  of  representatives  of  districts  wlio  might  not  be  able  to  attend  a 
meeting  in  New  York.  It  is  submitted  that  if  the  results  of  such  a 
correspondence  were  communicated  promptly  to  the  new  members  of 
the  Committee  upon  their  election  at  the  Convention,  there  would  be 
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ample  time  to  ascertain  their  views  in  regard  to  candidates  before  a 
meeting  is  held. 

It  appears  to  the  Board,  therefore,  that  it  is  strictly  within  the 
power  of  the  Nominating  Committee,  as  at  present  constituted,  to  so 
arrange  its  business  that  each  member  of  it  shonld  have  a  vote 
whether  he  is  able  to  attend  a  meeting  or  not,  and  that  the  intent  of 
Article  YII,  Section  1  and  2,  of  the  Constitution,  in  giving  an  equal 
representation  on  this  Committee  to  each  of  the  several  districts, 
would  in  this  way  be  carried  out  more  thoroughlv  than  by  providing 
for  the  payment  of  traveling  expenses.  If,  in  order  to  have  a  voice  in 
selecting  nominees,  members  of  this  Committee  must  be  present  at  a 
meeting,  the  element  of  time,  which  is  probably  as  important  as  that 
of  expense,  is  still  in  the  /;iray,  and  it  seems  doubtful  if  residents  of 
the  Pacific  coast  or  Texas,  whether  their  expenses  were  paid  or  not, 
would  find  it  possible  to  leave  their  work  for  this  purpose  on  a  date 
previously  fixed  without  consultation  with  them.  

The  Board  recommends  that  no  change  be  made  in  Article  Vil  of 
the*  Constitution,  believing  that  amendments  to  the  Constitution  are 
not  desirable  unless  it  is  evident  that  they  are  imperatively  needed, 
and  that  in  this  case  such  need  has  not  been  demonstrated. 
By  order  of  the  Board  of  Direction, 

Chas.  Wabbkn  Huin?, 

Secretary, 

The  Pbesident. — What  is  your  pleasure,  gentlemen,  in  regard  to 
this  report? 

A  Mbmbeb. — I  move  that  it  be  accepted  and  adopted. 

The  President. — It  is  moved  that  the  report  be  accepted  and  adopted 
by  this  meeting.  Are  you  ready  for  the  question?  Those  in  favor  of 
that  motion  will  signify  by  saying  Aye;  opposed.  No. 

The  motion  was  carried. 

The  Sbcbetabt. — Mr.  President,  in  connection  with  this  subject  I    Proposed 
have  a  letter  from  a  Member  of  the  Society,  proposing  an  amend-      to  the 
ment  to  the  Constitution  on  this   subject  and  asking,  although  he  Co°*^*<'""<^'*- 
knew  that  no  action  would  be  taken  by  the  Society  at  this  meeting, 
that  the  matter  be  brought  before  the  meeting.     It  is  from  Mr. 
J.  A.  Ockerson,  who  was  elected  a  member  of  the  Nominating  Com- 
mittee last  year. 

St.  Louis,  Mo.,  December  29th,  1899. 
Mr.  Chas.  W.  Hunt, 

Secrekvry  Am,  Soc.  C.  E,, 

New  York. 

Dear  Sir, — I  enclose  proposed  amendment  to  Sec.  2,  Art.  VII  of 
the  Constitution,  duly  signed  by  five  members,  as  required. 

I  understand  that  it  cannot  be  voted  on  at  the  Annual  Meeting, 
but  I  would  like  very  much  to  have  it  presented  for  informal  discus- 
sion at  that  meeting. 

There  is  an  urgent  demand  for  an  amendment  of  this  character, 
and  I  trust  the  object  will  be  attained  by  its  adoption.     Personally,  I    . 
would  be  satisfied  if  some  result  could  be  secured  by  the  action  of  the 
Board  of  Direction.  Yours  very  truly, 

J.  A.  Ockerson. 
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Proposed  St.  Louis,  Mo.,  Decembeb  21st,  1899. 

Amendment 
Coi^SSion  ^^w^PosED  Amendment  of  Section  2,  Abtigle  VII,  of  thb  Oonbtitu- 

(oontihued).  tION  OF  THB  AMERICAN  SoCIETT   OF    CiVIL  EnGINEEBS. 

It  has  become  apparent  that  the  method  now  in  vogne  of  selecting 
candidates  for  the  various  offices  of  the  Society  is  open  to  serious 
objections  and  should  be  modified  so  as  to  eliminate  these  objections 
as  far  as  practicable. 

There  seems  to  be  an  unwritten  law  which  requires  the  Nominating 
Committee  to  meet  in  the  Society  House  in  New  York  when  they  select 
the  nominees.  The  practical  effect  of  this  is  to  prevent  the  attendance 
of  the  members  from  remote  districts,  owin^  to  the  great  expense  of 
time  and  money  involved,  and  the  nominations  are,  therefore,  left  in 
the  hands  of  a  few  who  live  nearby  and  can  readily  attend. 

The  importance  of  this  matter  is  shown  in  the  proposition  made  at 
the  last  Convention,  that  the  Society  should  pay  the  expenses  of  the 
members  of  the  Nominating  Committee.  This  would  impose  a  very 
heavy  burden  on  the  Society  and  one  which  is  unnecessary. 

By  slight  changes  in  the  method  of  appointing  the  Nominating 
Committee,  much  of  the  difficulty  can  be  obviated. 

The  method  proposed  calls  for  the  selection  of  members  of  the 
Nominating  Committee  at  the  Annual  Meeting.  This  can  be  done  by 
sending  out  with  the  regular  ballot  for  officers,  a  slip  on  which  can  be 
written  each  member's  preference  for  member  of  the  Nominating 
Committee. 

From  the  names  thus  sent  in,  the  Annual  Meeting  could  probably 
ascertain  the  wishes  of  the  members  of  the  different  Districts,  quite 
as  well  as  under  present  methods. 

The  Committee  so  selected  should  be  required  to  meet  at  the  time 
and  place  where  tho  succeeding  Annual  Convention  is  held. 

This  would  doubtless  insure  a  much  better  attendance  of  the 
members  of  the  Nominating  Committee,  would  probably  add  some- 
thing to  the  interest  in  the  Convention,  and  would  relieve  the 
members  of  the  unnecessary  additional  expense  of  attending  two 
meetings  where  one  would  meet  all  the  requirements. 

For  these  reasons,  the  following  proposed  amendment  to  Section  2, 
Article  VII,  is  submitted  for  the  consideration  of  the  Society. 

J.  A.  OCKEBSON, 

R.  E.  McMath, 
E.  A.  Hebmann, 
W.  S.  Lincoln, 
J.  F.  Hinckley. 
Section  2,  Article  VII,  as  it  now  stands: 

At  the  Business  Meeting  of  the  Annual  Convention  of  each  year, 
seven  Corporate  Members,  not  officers  of  the  Society,  one  from  each 
of  the  geographical  districts,  shall  be  appointed  by  the  meeting,  to 
serve  for  two  years;  who,  with  the  five  living  last  Past-Presidents  of 
the  Society,  shall  be  a  committee  to  nominate  officers  for  the  Society. 
The  Board  of  Direction  may  prescribe  the  mode  of  procedure  for 
appointing  this  Committee.  This  Committee  shall  present  to  the 
Board  of  Direction  on  or  before  the  first  day  of  October  next  ensuing, 
a  list  of  nominees  for  the  offices  to  be  filled  at  the  next  Annual 
Election.  The  nominees  shall  be  so  chosen  as  to  provide,  with  the 
officers  holding  over,  a  Vice-President  and  six  Directors  residing  in 
District  No.   1,  and  twelve  Directors  divided  equally,  with  regard  to 
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number  and  residence,  among  the  remaining  districts,  Nos.  2,  3,  4,  5, 
S  and  7. 

Proposed  Amendment  to  Section  2,  Article  VII. 

At  the  Annual  Meeting  of  each  year,  seven  Corporate  Members, 
not  officers  of  the  Society,  one  from  each  of  the  geographical  districts, 
shall  be  appointed  by  tne  meeting  to  serve  for  two  years;  who,  with 
the  live  living  last  Past-Presidents  of  the  Society,  shall  be  a  committee 
to  nominate  officers  for  the  Society. 

The  Board  of  Direction  may  prescribe  the  mode  of  procedure  for 
ikppointing  this  Committee. 

The  Committee  so  appointed  shall  meet  at  the  Annual  Convention 
of  the  Society,  and  nominate  candidates  to  fiU  the  offices,  named  in 
Article  V,  so  as  to  provide,  with,  the  officers  holding  over,  a  Vice- 
President  and  six  Directors  residing  in  District  No.  1,  and  twelve 
Directors  divided  equally,  with  regard  to  number  and  residence,  among 
the  remaining  districts,  Nos.  2,  3,  4,  5,  6  and  7. 

A  list  of  nominees  for  the  offices  to  be  filled  at  the  next  Annual 
Election  shall  be  presented  bv  the  Committee  to  the  Board  of 
Direction  within  ten  days  after  tne  nominees  have  been  selected. 

MitNDES  CoHEM,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  think  that  that  Discussion  on 
amendment  to  the  Constitution  is  very  much  in  line  with  the  neces-  Ame^Lment 
sities  of  the  case.  I  am  glad  to  hear  it  proposed.  I  was  prepared  to  constitution, 
suggest  something  of  precisely  the  same  kind  myself.  I  can  see  no 
reason  why  even  more  may  not  be  done  at  the  Annual  Meeting,  while 
the  Nominating  Committee  may  very  well  be  appointed  at  the  Annual 
Meeting.  It  appears  to  me  that  there  is  a  much  larger  representation 
usually  present  at  the  Annual  Meeting  and  prepared  for  business  than 
at  any  other  time  in  the  year,  and  that  this  Committee  might  not  only 
be  appointed  but  might  also  convene,  and.  perhaps,  make  their  nom- 
inations. But  I  am  not  clear  in  that  regard,  and  propose  no  amend- 
ment to  the  amendment  that  has  been  presented.  But  1  think  there  is 
one  amendment  that  could  be  made  to  the  amendment  as  presented. 
It  stipulates  that  the  Committee  shall  convene  at  the  time  and  place  of 
the  Annual  Convention.  That  time  and  place  may  be  very  inconvenient. 
I  believe  it  is  now  proposed,  if  not  fixed,  that  the  Annual  Convention 
of  this  year  shall  be  held  abroad.  I  think  it  might  well  be  inconvenient 
for  the  Nominating  Committee  to  meet  and  act  there,  and  therefore 
the  meeting  place  of  the  Nominating  Committee  should  be  at  the  place 
of  the  Annual  Convention,  or  in  the  City  of  New  York,  as  may  be 
deemed  most  suitable  or  most  convenient,  within  the  views  of  the 
Board  of  Direction. 

Henbt  B.  Seaman,  M.  Am.  Soc.  C.  E.— Mr.  President,  I  concur 
with  the  remarks  of  Mr.  Cohen. 

The  Pbesident. — One  moment,  Mr.  Seaman.  I  am  going  to  ask 
«very  gentleman  here  to  give  his  name  as  he  rises,  so  that  the  reporter 
may  get  it  correctly. 

Mr.  Seaiian. — But  I  am  very  strongly  inclined  to  nominations 
being  made  by  ballot.  In  fact  I  think  that  is  really  the  purpose  of  the 
present  discussion.     It  is  almost  impossible  to  get  any  committee  of 
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DiBcuflsion  on  this  Society,  spread  as  it  is  in  all  parts  of  the  country,  together  in  on» 
Ame^^it  meeting  to  make  the  nominations.  In  fact  the  practice  of  the  Nomi- 
Goi^^tloo  ^**"^  Committee  has  been  not  to  permit  votes  by  ballot.  I  think 
(continued),  that  practice  should  be  corrected  and  that  aU  work  should  be  done  by 
ballot,  and  in  nominating  this  Committee  six  months  earlier  there  will 
be  plenty  of  time  for  the  nominations  to  be  made  in  that  way. 

PaijHebC.  Bigketts,  M.  Am.  Soc.  G.  E.-:-Mr.  President,  I  think 
the  general  idea  of  such  an  amendment  is  a  good  one,  but  I  do  not 
think  that  the  Board  of  Direction  should  have  anything  to  do  with 
fixing  the  meetings  of  the  Nominating  Committee.  Very  wisely,  under 
the  Constitution,  these  Boards,  that  is,  the  Nominating  Committee  and 
the  Board  of  Direction,  are  continually  existing  and  entirely  separate 
bodies.  The  Nominating  Committee  creates  the  Board  of  Direction^ 
and  therefore  I  believe  that  the  Board  of  Direction  should  have  nothing 
to  do  with  the  meetings  of  the  Nominating  Committee.  The  same  idea, 
exactly  could  be  carried  out  in  an  amendment  to  the  Constitution, 
by  fixing  methods  instead  of  leaving  these  methods  to  be  fixed  by  the 
Board  of  Direction.  Of  course  the  idea  is  that  the  creature  should 
not  have  the  creator  in  his  power. 

The  Pbesident. — Of  course  you  know  that  we  can  do  nothing  about 
this  matter  here,  to-day,  but  it  seems  to  me  that  it  is  rather  interesting 
that  we  should  have  an  exchange  of  ideas  on  the  subject.  It  may  aid 
the  consideration  of  the  question  farther  along. 

Henby  G.  Pbout,  M.  Am.  Soc.  C.  E. — Mr.*  President,  if  you  are 
willing 

The  President. — I  think  you  have  violated  the  rule,  Colonel  Prout. 

Mr.  Prout. — Mr.  Prout.  If  you  are  willing  to  have  an  exchange  of 
ideas  from  all,  and  there  is  no  motion  before  the  house,  I  should  be 
ready  to  exchange  some  of  my  ideas  on  the  subject.  It  strikes  me,  sir, 
that  the  agitation  is  almost  entirely  without  foundation.  The  practice 
is  simply  this,  as  Professor  Bicketts  says — the  Nominating  Committee 
determines  its  own  method  of  procedure.  It  admits  votes  by  proxy 
or  by  ballot,  or  not,  as  it  chooses.  That  is  entirely  within  the  province 
of  the  Nominating  Committee.  The  Nominating  Committee,  so  far  as 
I  have  ever  been  able  to  ascertain,  gives  all  possible  weight  to  the 
wishes  of  members  of  the  Nominating  Committee  who  are  not  present^ 
and  it  is  quite  impossible  for  men  scattered  all  over  the  country  to 
vote  by  ballot  with  any  efficiency  in  such  a  matter.  Circumstances 
arise,  conditions  come  up  and  change,  such  that  a  man  whom  a  member 
in  Los  Angeles  had  in  mind  at  the  moment  of  sending  his  baUot, 
would  not  be  a  desirable  man  to  vote  for  when  it  comes  to  the  time  of 
acting  on  the  nomination.  Therefore,  it  seems  that  to  leave  the  matter 
as  it  is  now,  in  the  discretion  of  the  Nominating  Committee,  is  much 
the  best  way  of  managing  it,  and  is  most  likely  to  result  in  getting  the 
right  sort  of  men  into  office.     At  least  that  is  the  result  of  my  very 
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limited  observation  of  the  actual  working  out  of  this  thing  in  practice. 
The  fact  is,  Mr.  President,  that  there  is  no  such  thing  as  running 
human  affairs  automatically.  You  cannot  possibly  make  a  constitution 
or  set  of  by-laws  or  any  code  of  procedure  such  that  it  will  fit  every 
case  that  arises.  You  have  got  to  meet  matters  in  such  a  way  that 
human  judgment  can  play  when  the  time  comes,  and  it  always  will  be  so. 
Therefore,  the  sum  of  my  observation  in  this  matter  is  that  we  are  as  well 
off  now  as  we  could  be,  in  this  matter  of  the  Nominating  Committee. 

GeobobB.  Francos,  M.  Am.  Soc.  C.  E.— As  Secretary  of  the  Nomi- 
nating Committee,  last  year,  I  endorse  what  Mr.  Prout  has  said. 
The  Committee  gave  full  consideration  to  the  views  of  every  absent 
member,  and  he  was  practically  considered  present  if  he  chose  to 
acquaint  the  members  of  the  Committee  with  his  views.  I  think  it 
would  be  utterly  impossible  for  any  general  ballot  of  the  Society  to  be 
taken  on  members  of  the  Nominating  Committee.  The  members  have 
to  be  divided  by  districts,  and  I  doubt  if  there  is  a  member  of  the 
Society  to-day  who  can  tell  the  limits  of  every  district.  It  is  quite  a 
difficult  matter.  It  seems  that  the  Nominating  Committee  represents 
the  Society  even  before  the  Board  of  Direction,  as  regards  the  selec- 
tion of  its  officers,  and  apparently  the  Constitution  intends  that  the 
Nominating  Committee,  made  up  of  a  miscellaneous  number  of  gentle- 
men, members  of  the  Society,  separate  and  apart  from  the  New  York 
contingent  or  the  Board  of  Direction,  shall  have  that  matter  in  charge 
and  shall  not  be  subjected  to  such  regulations  as  the  Board  of  Direc- 
tion shall  make;  and  these  gentlemen,  I  hardly  think,  could  correspond 
with  each  other  nineteen  of  them — in  such  a  manner  as  to  arrive 
at  a  list  of  officers  to  nominate  them  through  the  mails.  It  is  almost 
necessary  to  get  together,  and  as  to  the  method  of  balloting,  the  prac- 
tice last  year  was  for  the  Nominating  Committee  to  ballot  and  make 
each  nomination  that  way,  so  that  each  had  a  voice  in  that  matter,  and 
I  am  of  the  opinion  that  nominating  officers  either  ought  to  be  kept  out 
of  the  Board  of  Direction,  as  it  is  now,  by  the  Nominating  Committee, 
or  else  turned  right  deliberately  into  the  Board  of  Direction.  I  think 
the  present  method  of  work  is  all  right  so  far  as  I  can  see. 

Edwabd  W.  Howb,  M.  Aju.  Soc.  C.  E. — As  former  Secretary  of  the 
Nominating  Committee  I  concur  in  the  remarks  of  the  last  two 
speakers.  I  am  willing  to  allow  that  possibly  something  might  be 
done  to  give  a  little  more  time.  The  time  is  very  limited  in  which  to 
carry  on  the  proceedings  of  the  Nominating  Committee.  I  should  not 
have  any  objection  to  having  the  nominations  for  the  Nominating  Com- 
mittee made  at  the  Annual  Meeting.  I  think  if  this  matter  of  letter- 
ballot  was  adopted  we  would  not  get  the  best  results.  You  know  how 
easy  it  is  for  some  one  to  write  to  a  member  of  the  Nominating  Com- 
mittee at  a  distance  and  ask  him  if  he  won't  endorse  a  certain 
individual,  who  very  likely  is  a  very  suitable  man  for  that  office,  and 
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Discus&ion  on  he,  of  course,  is  yery  willing  to  do  so,  and  the  Nominating  Committee 

ProTJOflfid 

AmeDdment  when  they  meet  will  get  letters  from  different  individnals  suggesting 
Coi^itution  <5ertain  nominations.  When  the  matter  is  np  for  discnssion  reasons 
(continued).  wHl  appear  why  it  is  more  desirable  to  nominate  some  other  person, 
I  remember  one  case  in  the  Nominating  Committee  where  a  person  had 
been  suggested  for  an  office.  One  member,  a  Fast- President,  nominated 
this  person  as  a  candidate,  and  subsequently,  after  discussion,  another 
person  was  nominated,  and  that  yery  man  seconded  this  new  nomina- 
tion. Although  he  had  already  made  a  nomination  of  a  gentleman  for 
the  office,  he  seconded  the  nomination  made  subsequently.  It  appeared 
to  him,  after  discussion  by  the  Nominating  Committee,  that  it  would 
be  better  to  nominate  the  other  gentleman,  and  I  agree  that  the  best 
results  are  obtained  by  discussion  in  the  meetings  of  the  Committee. 

The  President. — This  is  a  pretty  good  debate,  and  I  hope,  you  will 
continue  it.  I  think  we  haye  got  about  ten  minutes  more  for  this  sub- 
ject. I  hope  some  of  the  younger  men  will  take  part  in  these  annual 
meetings.     Is  there  any  further  discussion? 

Henbt  ManiiEt,  M.  Am.  Soc.  C.  E. — I  think  that  it  is  all  right  as  it 
stands,  proyided  they  use  that  discretion  which  they  are  supposed  to 
haye  ex  officio,  I  happened  to  be  a  member  the  yery  first  time  this 
thing  was  tried  under  the  present  Constitution.  The  members, 
especially  selected  from  districts  at  that  time,  took  great  pains  to 
canyass  their  own  constituencies  to  ascertain  the  desires  and  opinions 
of  the  members  in  those  localities.  I  think  the  present  plan  is  an  ex- 
cellent one  and  leayes  the  Committee  entirely  free.  It  is  the  primary 
meeting  of  the  Society.  Let  them  haye  their  own  way  and  do  their 
work. 
Report  on  the  The  PRESIDENT. — Are  there  any  further  ideas  to  be  exchanged  on 
of  the  _  this  subject?  If  not,  we  will  take  up  the  next.  Is  Mr.  Hering  here? 
Mr.  Hering,  haye  you  the  report  of  the  Committee  on  Acoustics? 

RuDoiiPH  Herino,  M.  Am.  Soc.  C.  E. — The  Secretary  has  it. 

The  President. — Then,  will  you  please  read  it,  Mr.  Secretary. 

The  Sboretart. — This  is  a  report  made  by  the  Special  Committee 
appointed  by  the  Board  of  Direction  to  report  to  tlie  Board,  and  has 
been  adopted  by  the  Board  as  a  report  to  the  Society : 

To  the  Board  of  Direction, 

American  Society  op  Ciyn.  Engineers. 

Your  Committee,  to  which  was  referred  the  question  of  the  im- 
proyement  of  the  acoustics  of  the  auditorium,  after  much  study  and 
careful  consideration  of  the  practical  and  theoretical  phases  of  the 
question,  concludes  that  the  trouble  is  in  no  manner  due  to  the 
design  or  conformation  of  the  auditorium ;  that  the  breaking  up  of  the 
ceiling  surfaces  by  deep  girders  and  the  clere-story  were  in  the  interest 
of  good  acoustics. 

The  difficulty  resulted  from  the  fact  that  the  auditorium  was  not 
sufficiently  furnished.     Carpets  and  curtains  which  haye  been  added 
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have  already  greatly  improved  the  acoustic  properties  of  the  audi- 
torium,  aud  ^our  Committee  recommends  for  the  amelioration  of  the 
remaining  shght  reverberation,  that  the  vertical  panels  on  the  walls  be 
covered  with  burlap  of  such  color  as  will  harmonize  with  the  rest  of 
the  auditorium.' 

All  of  which  is  respectfully  submitted. 

Rudolph  Hbring, 
Gbo.  a.  Just, 
Louis  DeCoffet  Bebg. 
New  York,  Januaet  9th,  1900. 

Mr.  Hering,  being  present,  might  say  something  more  about  the 
work  of  the  Committee. 

The  Pbbsident. — Mr.  Hering  is  expected  to  say  a  word  on  this 
subject. 

BuDOU^H  Hebing,  M.  Am.  Soc.  C.  E.— I  do  not  think  it  is  necessary  Discuflsion 
to  say  anything  more  excepting  to  mention  the  details  of  the  inquiry.  ^^  oftS?*** 
I  might  say  that  the  literature  of  the  subject  was  pretty  well  ransacked.  Auditorium. 

The  Presidbnt. — Mr.  Hering,  would  you  mind  stepping  forward 
into  the  middle  of  the  hall?  Yqu  are  giving  a  practical  demonstration 
of  its  poor  acoustic  properties.     (Laughter. ) 

Mr.  Hebing. — The  Committee  first  endeavored  to  find  out  what  had 
been  done  elsewhere  to  overcome  similar  difficulties,  and  obtained  the 
literature  on  the  subject  in  America,  Germany  and  France  and  studied 
it,  and  found  that  the  question  was  one  that  could  be  scientifically 
treated.  The  main  reason  for  the  reverberation  in  this  hall  was  very 
clearly  the  large  extent  of  smooth  hard  surface,  now  remaining  on  the 
walls.  A  hard  smooth  surface  reflects  the  sound  as  it  would  reflect  a 
ball  thrown  against  it.  The  angles  of  incidence  and  of  reflection  of 
the  sound  waves  are  equal,  and  the  sound  will  travel  about  the  room 
a  great  many  times  in  one  second.  Sound  travels  about  a  thousand  f  eet, 
roughly  speaking,  in  a  second,  and  consequently  while  the  second  sylla- 
ble of  a  word  is  being  spoken  by  a  speaker  the  audience  hears  the  first 
syllable  yet  in  its  reverberation.  The  syllables  overlap  each  other,  and 
this,  is  the  cause  of  the  defect  of  which  we  complain  here.  The  way  to 
get  rid  of  that  defect  is  to  cause  an  absorption  of  the  sound  waves,  and 
that  is  done  by  having  soft  surfaces  and  stopping  the  reflection  of  the 
sound  waves.  It  is  also  got  rid  of  by  a  dispersion  of  the  sound  waves,  and 
that  dispersion  is  accomplished  by  these  little  ornaments.  When  the 
sound  strikes  a  semi-spherical  surface,  it  is  thinned  out,  as  it  were,  by 
reflection  in  various  different  directions,  and  consequently  it  loses  its 
intensity.  So  that  in  Europe,  in  large  halls,  they  rely  almost  wholly 
on  the  dispersion  of  the  sound  waves  caused  by  a  breaking  up  of  the 
sides  and  ceilings.  It  seemed  to  us  that  the  only  thing  left  to  do  here 
is  to  soften  up  these  panels,  these  hard  smooth  surfaces  that  are  left; 
excepting,  of  course,  the  wall  behind  the  President's  desk,  this  should 
remain,  if  it  were  not  for  other  reasons,  so  that  the  sound  from  the 
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Discussion  on  Speaker  will  be  thrown  ont  toward  the  audience,  bnt  all  the  other 
of  the^     surfaces  should  be  made  as  soft  as  practicable,  and  then  you  will  have 
^contintS).  ^^^  absorption  of  the  sound,  the  same  as  the  carpet,  which  has  already 
made  quite  a  difference,  absorbs  it  here. 

P.  A.  Petebsom,  M.  Am.  Soc.  C.  E. — ^Burlap  is  not  a  soft  surface, 
is  it? 

Mr.  Hebing. — Yes,  sir.  The  same  material  you  find  in  the  reading- 
room.  There,  you  notice  the  sound  is  all  absorbed  when  you  talk. 
You  cannot  hear  any  reverberation  at  alJ. 

Mr.  Petebson.— Burlap  is  a  hard  linen.  When  you  paint  it,  it 
becomes  almost  as  hard  as  wood. 

Mr.  Hebing. — That  is  not  what  we  meant — a  material  like  that  in 
the  reading-room. 

The  Seghbtaby.— I  think  the  burlap  put  on  the  waD  is  dyed,  not 
painted. 

Mr.  Hebing. — Yes.  The  object  is  to  absorb  the  sound  waves  just  as 
a  black  surface  absorbs  light  waves.  Whatever  will  do  that  will 
accomplish  what  we  desire. 

J.  N.  Gbeene,  M.  Am.  Soc.  C.  E. — I  wo  aid  like  to  ask  the  gentle- 
man a  question.  How  do  you  propose  to  take  care  of  the  sound  com- 
ing back  at  you  from  the  broken  ceiling  ?  What  does  the  Committee 
conclude  on  that  ? 

Mr.  Hebing.— Well,  we  thought  the  ceiling  was  broken  up  enough. 
You  see,  the  ornamentation  on  these  deep  girders  is  a  good  deal 
richer  than  it  is  on  the  sides,  and  we  thought  for  the  present  that 
possibly  treating  the  sides  would  be  sufficient. 

Mr.  Gbeene.— I  thought  the  general  impression  was  that  the  ceiling 
was  broken  up  too  much  altogether  now — too  much  echo  and  re-echo; 
isn't  that  so  ? 

Mr.  Heking. — That  was  not  our  opinion,  sir.  The  more  you  break 
it  up  the  more  you  disperse  the  sound  waves,  and  the  less  reflection. 

Mr.  Gbeene. — There  is  one  thing  sure.  It  is  very  difficult  to  hear 
in  this  hall.  What  the  remedy  is,  we  want  to  get  at,  I  suppose,  in  some 
way,  and  as  soon  as  possible. 

Mr.  Hebing. — Well,  the  remedy,  as  the  Committee  suggests,  is  to 
increase  the  soft  surfaces  around  it. 

The  Pbesident. — I  wish  to  say  that  the  Board  of  Direction  has 
already  taken  the  necessary  steps  to  carry  out  the  recommendation 
of  the  Committee.  Really,  there  is  nothing  that  could  be  done  at  this 
meeting  about  it  unless  the  meeting  sees  fit  to  adopt  some  action  about 
it  that  would  conflict  with  the  Board  of  Direction,  but  we  have  voted  to 
go  ahead  and  carry  this  out.  I  suppose  the  actual  expense  of  putting 
burlap  on  the  side- walls  is  very  small.  So,  even  if  it  is  nothing  but  an 
experiment,  it  will  not  cost  much. 

FosTEB  CBOWEiiii,  M.  Am.  Soc.   C.  E.— It  seems  to  me  that  this 
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matter  is  entirely  before  the  Board  of  Direction.  It  has  been  very 
interesting  to  hear  the  reasoning  adopted  by  the  Committee,  becanse 
that  is  enlightening  to  us  all.  I  should  like  to  ask  the  Committee,  or 
Mr.  Hering,  whether  they  considered  it  sufficient  to  put  the  burlap 
directly  on  the  surface,  or  whether  an  intermediate  thickness  of  porous 
substance  —when  I  say  porous,  I  mean  porous — a  soft  substance,  would 
be  additional  advantage,  or  whether  he  proposes  to  hang  the  burlap 
only  in  connection  with  the  wall,  and  if  so,  how  is  it  applied  ? 

Mr.  Hebino. — The  Committee  did  not  go  into  detail.  But  I  might 
say  that  various  masters  of  treating  walls  have  been  adopted.  I  saw 
one  that  seemed  to  operate  effectively  in  Worcester,  Mass.,  in  the  City 
Hall,  where  the  burlap  was  fastened  on  little  slats  about  a  quarter  of 
an  inch  thick,  nailed  against  the  wall.  The  burlap  was  thus  kept 
about  a  quarter  of  an  inch  away  from  the  wall,  which,  of  course,  al- 
lowed still  more  softness,  and  the  sound  there,  which  was  said  to  be  so 
that  you  could  hardly  understand  anybody,  was  completely  absorbed, 
and  now  you  can  talk  there — I  was  in  the  room  myself — and  be  under- 
stood, and  you  do  not  get  this  reverberation  which  continues  for  about 
a  second  after  the  sound  has  been  produced;  and  as  a  person  generally 
speaks  several  syllables  in  a  second,  you  see,  those  syllables  overlap, 
and  consequently  it  is  not  very  clear. 

Mr.  Petebson. — Have  you  considered  the  question  of  stringing 
wires  across  ? 

Mr.  Hbbing.— Yes,  sir. 

The  Pbesident. — I  beg  your  pardon.    A  gentleman  has  the  floor. 

RoBEBT  Cabtwbioht,  M.  Am.  Soc.  C.  E. — I  am  very  happy  to  cor- 
roborate Mr.  Hering  in  what  he  has  said,  based  upon  a  similar  experi- 
ence. I  think  when  we  first  met  in  this  hall,  some  of  you  remember 
that  I  suggested  precisely  the  same  thing,  and  said  that  we  could  get 
a  premium  to  have  it  done,  for  I  thought  John  Wanamaker  would  be 
glad  to  go  to  work  and  adorn  the  side  wall  for  the  purpose  of  adver- 
tising. I  have  had  some  experience  in  regard  to  covering  walls  in  a 
new  church  costing  hundreds  of  thousands  of  dollars,  and  having  a 
tesselated  floor,  and  we  have  had  to  go  to  work  and  do  that  very  thing 
to  accomplish  the  object.  Now,  it  would  be  a  minor  expense  to  sus- 
pend around  here  some  drilling  and  prove  it  at  once,  and  when  we 
make  a  permanent  arrangement,  do  it  with  artistic  taste,  just  as  Mr. 
Hering  proposes.  Not  only  that,  at  the  first  meeting  we  had  no  car- 
pet on  the  floor,  and  we  got  this  reverberation;  we  have  carpet  on 
now,  and  it  is  very  much  better.  The  only  objection  I  have  to  it  is 
that  somebody  outside  there  is  addressing  a  meeting  while  we  are  try- 
ing to  hear  our  President,  or  the  speaker  in  this  room,  and  if  we  could 
only  quash  that,  I  think  we  would  be  much  better  satisfied  with  the 
proceedings  of  the  meeting. 

The  PimsiDBNT. — Gentlemen,  this  is  all  the  time  that  we  can  give 
to  this  subject,  unless  some  one  desires  particularly  to  be  heard. 
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Report  of  The  next  matter  before  the  meeting  is  a  letter  received  from  Mr. 

^''^to?!*'"  Sandford  Fleming  in  regard  to  Standard  Time. 
T^®-  The  Secretary  read  the  following  letter: 

.Ottawa,  Janxtabt  18th,  1900. 
Mr.  Ohas.  Wabken  Hunt, 

Secretary,  Am.  Soc.  C.  E. , 

New  York,  N.  T. 

Deab  Sib, — I  dnly  received  your  letter  of  December  18th,  transmit- 
ting resolutions  of  the  Board  of  Directors  in  the  matter  of  Standard 
Time.  I  deferred  a  reply  in  the  hope  that  I  would  be  able  to  attend 
the  annual  meeting  on  January  17tn,  when  I  would  have  the  advan- 
tage of  consulting  other  members  of  the  Special  Committee  with 
the  view  of  submitting  a  joint  report.  As,  however,  I  am  afraid 
that  I  shall  be  unable  to  be  in  New  York  next  week  I  deem  it  proper 
to  write  you.  I  feel  that  it  is  but  respectful  to  the  Board  of  Directors 
that  I  should  acknowledge  the  receipt  of  the  courteous  communica- 
tion which  they  have  instructed  you  to  send  me,  and  for  which,  on 
behalf  of  the  Committee,  I  desire  in  the  fullest  manner  to  express 
very  cordial  thanks. 

The  resolutions  of  the  Board  of  Directors  transmitted  to  me  convey 
the  information,  first,  that  they  have  ordered  to  be  discontinued  the 
use  of  the  24-hour  notation  in  the  publications  and  correspondence  of 
the  Society;  second,  that  they  have  appreciated  the  labours  of  the 
Special  Committee  on  Standard  Time,  and  that  although  the  desired 
results  have  not  all  been  realized,  they  offer  an  expression  of  thanks 
for  the  efforts  which  have  been  made  by  the  committee  durisfg  a  long 
series  of  years. 

You  are  good  enough  to  mention  in  your  letter  that  the  present 
action  of  the  Board  **  refers  altogether  to  the  question  of  the  use  of 
the  24-o'clock  system  by  the  Society."  And  that  the  Special  Commit- 
tee is  invited  to  report  as  heretofore  either  jointly  as  a  committee,  or 
by  myself  as  chairman. 

Accepting  the  invitation  of  the  Directors,  I  beg  leave  as  Chairman 
of  the  Committee  to  submit  the  following  explanations  for  presenta- 
tion to  the  Annual  Meeting  to  be  held  on  the  17th  instant. 

It  is  necessary  that  I  should  revert  to  the  earljr  days  of  the  move- 
ment in  which  the  American  Society  of  Civil  Engioeers  has  plaved  so 
conspicuous  a  part.  Twenty  years  ago  the  development  of  lines  of 
transportation  on  this  contment,  and  the  circumstances  of  the  age, 
demanded  an  investigation  into  the  matter  of  time-reckoning.  This 
Society  appointed  a  Special  Committee  to  deal  with  the  question. 
The  records  of  the  Society  set  forth  the  action  taken  by  the  Commit- 
tee, with  the  approval  of,  and  under  the  instruction  of,  the  Society. 
The  course  followed  had  an  important  influence  in  inducing  Congress 
to  assemble  a  conference  of  representatives  of  all  civilized  nations  at 
Washington  in  1884,  and  likewise  in  the  deliberations  of  that  confer- 
ence; it  led  to  the  substitution  of  Standard  Time  for  the  old  complex 
system,  and  thus  in  part  furnished  a  solution  of  the  evils  which 
formerly  prevailed,  not  alone  on  this  continent,  but  also  on  other 
parts  of  the  globe. 

The  principles  of  the  reform  in  time-reckoning,  long  favoured  by 
the  American  Society  of  Civil  Engineers,  have  been  recognized  as 
unimpeachable  by  the  highest  scientific  authorities  throughout  the 
world.     In  every  feature,  the  reform  has  been  found  practicable.     Its 
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essential  principles,  that  is  to  say,  the  reckoning  of  time  on  the  basis 
of  a  common  standard,  has  been  widely  adopted  by  the  nations,  and 
Standard  Time,  so  called,  is  now  authoritatiyely  introduced  on  each 
of  the  five  continents.  It  is  only  with  respect  to  a  secondary  feature 
of  the  reform,  that  is  to  say,  the  notation  of  the  hours,  that  there  hjas 
been  hesitation  in  its  adoption;  and  it  can  scarcely  be  held  to  be  sur- 
prising that  there  is  hesitation  and  delay  in  some  quarters,  seeing  that 
the  adoption  of  the  24-hour  notation  involves  a  departure  from  an  old 
usage.  The  old  usage,  when  looked  into,  may  in  this  age  be  consid- 
ered indefensible,  but  it  is,  nevertheless,  one  which  we  have  inherited 
from  past  generations,  and  it  is  only  by  the  slow  process  of  edu^iation 
that  it  may  be  superseded. 

Precisely  the  same  difficulty  was  experienced  in  the  reformation  of 
the  calendar  three  centuries  ago.  Members  of  the  Society  will  be  famil- 
iar with  the  history  of  that  reform.  It  was  promulgated  in  15^2,  and 
while  it  was  immediately  effected  in  Southern  Europe,  hesitation  to 
adopt  the  change  was  experienced  elsewhere.  It  took  eighteen  years 
to  introduce  it  in  Scotland,  and  so  successfully  was  it  opposed  by 
popular  prejudice  in  favor  of  the  old  usage,  that  a  hundred  and 
seventy  years  elapsed  before  the  reform  was  accepted  in  England;  at 
length  in  1762  it  became  the  legal  reckoning  in  that  country.  We  all 
know  that  there  still  remains  one  powerful  nation  adhering  to  the  old 
style  of  calendar  which  before  1582  prevailed  everywhere.  Although 
Kussia  has  been  so  exceedingly  conservative,  there  are  causes  in  oper- 
ation to-day,  which  I  venture  to  think  will  lead  that  great  Empire,  not 
only  to  adopt  the  common  calendar,  but  along  with  it  the  reforms 
advocated  by  the  American  Society  of  Civil  Engineers,  including  that 
feature  of  Standard  Time  known  as  the  24-hour  notation. 

The  24-hour  notation  is  no  vain  experiment.  It  is  in  use  by 
astronomers  all  over  the  globe.  It  is  in  use  for  civil  purposes  in  large 
parts  of  Asia  and  Europe.  It  has  been  tested  for  fourteen  years,  and 
it  continues  to  be  used,  on  the  National  Bail  ways  of  Canada.  Indeed, 
the  evidence  of  facts  establishes  beyond  all  question  that  this  plan  of 
notation  is  favoured  most  highly  by  all  those  who  have  longest 
experienced  its  advantages.  To  my  own  mind  it  is  perfectly  obvious 
that  the  day  is  not  far  distant  when  no  intelligent  and  progressive 
community  will  rest  satisfied  to  remain  without  the  benefit  of  this 
simple  ana  rational  plan  of  reckoning  the  hours  of  the  day. 

This  being  my  firm  conviction,  perhaps  I  may  be  pardoned  for 
pointing  out  that  a  mistake  was  committed  at  the  beginning  of  the 
movement,  when  in  the  publications  of  this  Society,  the  new  notation 
was  employed  to  the  exclusion  of  the  old  familiar  expression  a.  m.  and 
p.  M.,  etc.  If,  for  example,  it  was  desired  to  announce  that  a  meeting 
of  the  Society  would  be  held  at  half  an  hour  after  eight  o'clock  in 
the  evening,  it  was  not  enough  to  employ  the  new  notation  and  ignore 
the  old.  In  my  judgment  both  should  have  been  given.  Heretofore, 
in  the  circulars  of  the  Society,  only  the  new  notation  was  furnished. 
To  many  this  was  unsatisfactory,  and  it  is  not  surprising  that  steps 
should  have  been  taken  to  discontinue  the  practice. 

As  our  habits,  good  or  bad,  are  matters  of  education,  it  would,  in 
view  of  all  the  circumstances,  be  well  at  this  sta^e  to  furnish  the 
information  intended  to  be  conveyed,  in  both  ways.  Thus  **  A  meeting 
of  the  Society  will  be  held  at  the  hour  of  20.30  (8.30  o'clock  p.  m.)," 
or  the  announcement  may  be  still  further  simplified  by  denoting 
the  time  or  hour  by  a  single  letter  (say  H)  used  as  a  symbol,  precisely 
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Report  of     as  9  is  employed  to  denote  money — thns  <<  A  meeting  will  be  held  at 
Comn^g^on  fl  20.30  (8.30  o'clock  p.  M. ). " 

Time  I  will  only  add  that  the  problem  which  this  Society  has  done  so 

(concluded),  much  to  solye  daring  the  past  nineteen  years  is  not  yet  fully  mastered, 
and  it  will  not  be  fully  mastered  until  Standard  Time,  on  the  basis  of 
the  fifth  resolution  of  "the  Washington  Conference  of  1884,  be  brought 
into  general  use.  This  will  undoubtedly  require  the  exercise  of 
patience.  But  by  the  process  of  education  it  will  ineyitably  be 
brought  about;  and  it  only  requires  to  complete  the  moyement,  that 
the  hours  of  the  day  be  numbered  in  a  single  series  from  one  to 
twenty-four. 

It  will  be  remembered  that  when  railway  men  were  asked  by  the 
Society  some  nine  years  ago  for  an  expression  of  opinion  on  the 
subject,  that  more  than  400  presidents,  managers  and  superintendents, 
representing  140  000  miles  of  railway,  were  in  fayor  of  the  24-hour 
notation.  This  wonderful  unanimity  of  opinion  on  the  part  of  those 
controlling  the  great  lines  of  transportation  on  this  continent, 
established  beyond  all  question  that  the  new  notation  commends 
itself  to  men  of  the  highest  practical  intelligence.  The  railway 
interests  are  not  less  interested  than  they  were  ten  years  ago,  and  to 
effect  the  desired  change  it  is  only  necessary  that  they  should  arriye  at 
some  joint  arrangement  among  themselyes. 

Important  reforms  of  this  character  are  not  effected  speedily.  It  is 
not  easy  to  oyer  come  the  restraints  imposed  by  prejudice  and  habit, 
which  our  ancestors  haye  transmitted  to  us;  it  will,  howeyer,  eyery 
year  become  less  difficult  as  the  process  of  education  effects  its  work. 

The  American  Society  of  Giyil  Engineers  took  a  leading  part  in 
initiating  Standard  Time,  and  it  has  continuously  stimulated  the 
deyelopment  of  a  great  reform  in  time-reckoning,  not  on  this  con- 
tinent alone,  but  throughout  the  world.  It  must  be  recognized  to 
be  desirable  that  the  Society  should  participate  in  the  complete 
fruition  of  the  moyement.  At  one  time  some  were  sanguine  enough 
to  think  it  possible  that  the  final  step  would  be  effected  on  the 
opening  of  the  coming  new  century,  but  whether  then  or  later,  I  am 
satisfied  that  like  the  Gregorian  reform,  the  taaodem  time-reform  must 
in  the  end  become  an  accomplished  fact. 

Permit  me  again  to  thank  the  Board  of  Directors  for  their  kind 
consideration.     It  has  indeed  been  a  great  satisfaction  to  me  to  haye 
endeayored  to  carry  out  their  wishes,  and  to  serye  the  Society  as 
Chairman  of  the  Special  Committee  for  so  many  years. 
Bespectfully  submitted, 

SaNDFOBD  FliSHINO. 

Diacuflsion         ^^^  Pbestdent. — Gentlemen,  whateyer  other  annual  reports  we 
cl^i^^^l^o^  haye,  we  always  haye  Standard  Time  with  us,  and  it  is  sometimes  the 
Standard      subject   of  prolific    discussion.     What   is   your  pleasure   with   this 
report? 

Fayette  S.  Cubtis,  M.  Am.  Soc.  C.  E. — I  moye  that  the  report  be 
accepted  and  placed  on  file  and  the  Committee,  discharged.  (Sec- 
onded.) 

The  Pbesident. — You  hear  the  motion,  gentlemen.  What  is  your 
pleasure  on  Mr.  Curtis*  motion?  (Question  called  for.)  Mr.  Curtis' 
motion  is  that  the  report  be  accepted  and  the  Committee  discharged 
and  the  report  placed  on  file. 
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Fbedbriok  S.  Odkll,  M.  Am.  Soo.  G.  E. — Mr.  Chairman,  I  think 
fhat  we  all  recognize  the  value  of  Mr.  Fleming's  services,  and  the 
services  of  the  Committee  of  which  he  is  chairman,  and  we  know  how 
mnch  has  been  accomplished  by  that  Committee.  Mr.  Fleming  now 
makes  a  recommendation.  I  think  it  would  be  treating  his  report 
with  some  discourtesy  simply  to  receive  it  and  discharge  the  Com- 
mittee. I  believe  that  the  24-hour  system  of  notation  is  yet  to  pre- 
vail, and  I  do  not  think  that  this  Society  should  put  itself  on  record 
as  not  favoring  it.  I  should  therefore  object  to  that  part  of  the  mo- 
tion which  calls  for  the  discharge  of  the  Committee.  I  think  that  this 
Society  will  yet  want  to  join  hands  with  all  the  influences  that  are 
working  for  the  adoption  of  a  universal  system  of  numbering  the  hours 
of  the  day  from  one  to  twenty-four.  As  Mr.  Fleming  says,  it  is  simply 
a  matter  of  education,  and  if  we  can  educate  ourselves  or  our  success- 
sors  to  reckon  the  time  from  1  to  24,  instead  of  a.  m.  and  p.  ii.,  I  am 
sure  it  is  a  simpler  method,  although  I  am  like  the  majority  of  the 
members  of  the  Society — I  never  got  used  to  24  o'clock.  I  think  it 
would  be  very  desirable  to  adhere  to  that,  and  at  the  same  time  carry 
out  Mr.  Fleming's  suggestion.  I  think  it  wise  to  simply  receive  this 
report  and  not  to  discharge  the  Committee. 

The  Pbbsident. — The  matter  is  open  for  discussion,  gentlemen. 

Chables  a.  Mixbb,  M.  Am.  Soc.  C.  £.— I  am  glad  to  stand  with  the 
last  speaker.  The  24-hour  system  has  been  in  use  by  myself  and  on  my 
work  for  the  past  five  years.  I  find  no  difficulty  whatever  in  having 
ordinary  laboring  men  adopt  it,  and  in  all  their  records,  which  are 
continuous  throughout  the  24  hours,  carry  it  out,  and  certainly  with 
less  error  than  if  they  had  to  use  a.  m.  and  p.  m.,  and  certainly  the 
24-hour  system  is  more  compact  in  making  a  record.  It  is  entirely 
satisfactory  to  me,  and  I  hope  to  continue  it  until  it  shall  be  universal. 

Mr.  Maklet. — I  move  an  amendment  to  the  motion  that  the  motion 
stand  in  this  way:  That  the  report  be  accepted  and  the  Committee 
continued.     (Seconded.) 

The  Pbbsident. — ^It  is  moved  that  the  report  be  accepted  and  the 
Committee  continued.    Does  Mr.  Curtis  accept  the  amendment? 

Mr  CuBTis. — ^I  do  not. 

The  Pbbsident. —-The  question  is  on  Mr.  Mauley's  amendment. 

Mr.  Seaman. — Perhaps  the  members  present  are  not  aware  of  the 
fact  that  the  Society  has  formally  dropped  this  notation  since  the  last 
Convention.  It  is  a  matter  that  has  been  before  the  Society  for  several 
years  in  just  this  way;  has  taken  up  the  greater  part  of  Annual  Meet- 
ings and  Annual  Conventions  in  discussing  it,  and  I  doubt  very  much 
whether  any  discourtesy  to  the  Committee  was  intended.  I  do  not 
think  such  was  the  case.  It  was  simply  that  the  time  had  passed 
when  we  should  agitate  this  subject.  The  effort  was  made  and  the 
Society  had  decided  that  the  matter  should  rest  quietly,  and  I  strongly 
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Discussion    favor  Mr.  CurtiB*  motion,  except  that  I  would  add,  ''  discliarged  with 

Ommuttoeon  thanks."    We  certainly  have  the  most  kindly  feeling  for  the  work  that 

^*Time^^     has  been  done  by  this  Committee;  but  the  purpose  is  to  stop  this  ever- 

(contiiiued).  lasting  agitation  before  the  Society,  the  source  of  endless  discussion 

year  after  year.    I  am  in  favor  of  the  24-hour  system.     I  hope  we  will 

see  it.     But  I  hope  we  will  not  continue  this  agitation.     I,  therefore, 

oppose    the   amendment    and    would    endorse  Mr.    Curtis'  motion, 

adding,  of  course,  with  the  thanks  of  the  Society. 

C.  H.  Gbaham,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  am  under  the 
impression  that  at  the  last  Annual  Meeting  a  motion  was  made,  I 
believe  by  Mr.  0*Bourke,  that  the  Committee  on  Standard  Time  be 
requested  to  present  a  final  report.  If  my  recollection  is  correct,  it 
seems  to  me  that  the  motion  now  presented  is  out  of  order  and 
unnecessary. 

The  Pbesidemt. — I  think  the  gentleman'^  memory  is  correct. 

The  Sbcbbtaby. — At  the  last  Annual  Meeting  the  following  resolu- 
tion was  adopted: 

**  That  the  Committee  on  Standard  Time  be  requested  to  make  a 
final  report  to  the  Society  at  the  next  Convention." 

Mr.  CuBTis. — ^I  think,  Mr.  President,  my  motion  is  in  order.  I 
understood  they  were  to  make  a  final  report,  and,  in  making  a  final 
report,  I  want  to  clinch  it — ^I  want  to  end  it.  We  have  had  enough  of 
this  thing.  We  have  had  it  at  several  meetings,  and  it  has  taken  up 
more  time  than  any  other  subject.  Therefore,  I  think  my  motion  is 
perfectly  proper,  that  the  Committee  be  either  discontinued  or  dis- 
charged in  connection  with  it. 

Mr.  Cohen. — Might  it  not  be  well  to  amend  Mr.  Curtis'  resolution 
by  the  substitution  of  the  following : 

That  the  final  report  of  the  Committee  be  accepted  and  the  thanks 
of  the  Society  be  conveyed  to  Mr.  Fleming  and  the  members  of  the 
Committee  for  their  long-continued  service.     (Applause.) 

The  President. — Does  Mr.  Curtis  accept  the  amendment? 

Mr.  CuBTis. — I  think  I  would  accept  that.  I  was  intending  after 
this  to  offer  a  motion  of  thanks.  But  as  it  is  included  all  in  one 
motion,  I  need  not  do  that. 

The  President. — The  question  is,  first,  on  Mr.  Mauley's  amend- 
ment. 

Mr.  ManijET. — If  it  is  agreeable,  I  am  entirely  willing  to  withdraw 
that  amendment,  the  fact  being  that  the  nuisance  is  already  abated. 
The  Board  of  Direction  took  action  on  that  and  stopped  its  use  in  the 
publications  of  the  Society.  I  do  not  think  the  Society  wants  to  take 
the  position  of  stopping  investigation  or  inquiry  into  a  matter  of 
such  interest  as  the  adoption  of  a  system  of  standard  time.  But  we 
have  insisted  for  many  years  on  putting  ourselves  in  the  wrong  and 
making  oarselves  ridiculous.     If  Mr.  Fleming  and  his  distinguished 


Digitized 


byGoogk 


Affairs.]  REPORT  OF  THE  ANNUAL  MEETING.  43 

contemporaries  desire  to  continae  the  subject,  I  hope  the  Society  will 
give  them  an  opportunity. 

The  Pbestoez^t. — Mr.  Manley  withdraws  his  amendment.  The 
question  is  now  on  Mr.  Curtis*  motion.  Are  you  ready  for  the  ques- 
tion as  amended  by  Mr.  Cohen?  Those  in  favor  will  signify  by  saying 
Aye;  opposed,  No. 

The  motion  was  carried. 

The  Pbbsident. — We  now  turn  to  the  next  business,  Mr.  Secretary.      Report  of 
The  .Committee  on  the  Proper  Manipulation  of  Tests  of  Cement;  M^Ypuiation 
Professor  Swain,  chairman.  ^Cenvmt!' 

Professor  Swain  read  the  report  of  this  Committee.  * 

The  President. — Gentlemen,  you  hear  the  report  of  the  Commit- 
tee on  the  Manipulation  of  Tests  of  Cement.  What  is  your  pleasure 
with  regard  to  this  report? 

Edwabd  p.  North,  M.  Am.  Soc.  C.  E. — I  move  that  it  be  accepted. 

The  President. — It  is  moved  that  the  report  be  accepted  and  the 
committee  continued.  Are  you  ready  for  the  motion?  Those  in  favor 
of  the  motion  will  signify  by  saying  Aye;  opposed.  No. 

The  motion  was  carried. 

The  President. — I  think   there  are  some  announcements  to  be   Invitation  to 
made  to  the  meeting  in  regard  to  the  topographical  map  of  New  York.  Topom^icai 
Is  the  gentleman  present  who  is  to  do  this?    In  the  meantime  if  any         ^P- 
gentleman  has  any  business  to  bring  before  the  meeting,  now  is  an 
exceUent  opportunity  to  do  it. 

Mr.  Secretary,  have  you  the  announcement  abput  the  topographi- 
cal map? 

The  Sbcretart. — I  have  the  following  letter: 

New  York,  January  15th,  1900. 

To  the  Secretary  of  the  American  Society  of  Civil  EngineerSy 
West  Fifty -seventh  Street. 
Dear  Sir, — The  topographical  map  of  the  City  of  New  York,  pre- 
pared m  the  Topographical  Bureau  of  the  Board  of  Public  Improve- 
ments, for  the  International  Exhibition  in  Paris,  will  be  on  exhibition 
in  the  Arion  Hall,  Fifty-ninth  Street  and  Park  Avenue,  and  believing 
that  it  might  be  of  interest  to  some  of  the  members  of  the  Society 
of  Civil  Engiueers  to  view  the  map,  I  send  herewith  fifty  tickets  of 
admission. 

Respectfully, 

L.  A.  BissE, 
Chf.  Top,  Engr.  aiid  Etigr.  of  Concom'se. 
per  Frederick  Greipfenberg, 

Principal  Asst.  Topogr,  Engr. 

It  might  be  well  to  say  that  this  map  is  27  x  31  ft.  in  size,  on  a  scale 
of  600  ft.  to  the  inch,  and  covers  an  area  of  about  1  000  square  miles. 

*  Professor  Swain  was  not  ready  to  hand  in  his  report  to  be  printed  at  the  time  of 
going  to  press,  and  it  will  therefore  appear  in  a  subsequent  number  of  Proceedingi. 
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These  tickets,  which  Mr.  Bisse  has  kindly  sent,  are  in  the  hands  of  the 
assistant  to  the  Secretary,  in  the  hall  downstairs,  and  will  be  given  to 
any  of  the  members  who  may  desire  to  go  to  view  the  map  either  to- 
day or  to-morrow. 

The  President. — Are  there  any  other  annonncements,  Mr.  Secre- 
tary, to  be  made? 

Invitation  The  Segbbtaby. — Members  interested  in  such  matters  as  the  fol- 

to  InBpeot 
Belt  Conyeyor.  lowmg  are  invited  by  A.  MoC.  Parker,  M.  Am.  Soc.  C.  E.,  to  visit  at 

any  time,  during  or  after  the  meeting,  his  work  at  88th  Street  and 

Second  Avenue,  to  inspect  the  working  of  a  rubber  belt  conveyor  used 

in  handling  material  which  is  being  excavated  from  a  large  foundation 

and  delivered  on  scows  in  the  river.     Mr.  Parker  is  here  and  perhaps 

can  say  a  few  words  as  to  just  what  the  interesting  part  of  the 

arrangement  is. 

A.  MoG.  Pabkeb,  M.  Am.  Soc.  C.  E.— Mr.  President,  the  problem 
was  presented  to  us  there  of  getting  out  some  25  000  or  30  000  yds.  of 
material  very  rapidly  from  a  deep  excavation.  We  installed,  for  that 
purpose,  a  rubber  belt  running  on  rollers,  which  were  troughed  so  as 
to  make  the  belt  carry  more  than  it  would  if  flat.  It  was  put  up  very 
hurriedly.  It  was  driven  by  a  9  x  12  engine,  and  has  been  delivering 
material  into  scows  lying  at  the  foot  of  the  property,  at  the  rate  of  450 
or  500  yds.  in  five  hours,  at  the  rate  of  100  yds.  an  hour;  using  12 
scraper  teams  to  put  it  on  the  belt.  I  think  it  is  something  new  in 
this  part  of  the  world,  and  that  the  application  of  such  a  contrivance 
is  new  in  handling  material  in  that  line  of  work.  Any  member  of  the 
Society  who  would  like  to  see  it  in  operation  is  welcome  to  come 
there. 

The  Pbbsident. — How  wide  is  the  belt? 

Mr.  Pabkeb. — ^Thirty-two  inches.  It  runs  over  these  troughed 
rollers  or  idlers,  making  the  belt  about  8  ins.  in  depth,  about  12  or  14 
ins.  wide  at  the  bottom,  and  then  curving  up  on  the  sides.  The  mate- 
rial is  delivered  to  the  belt  through  4  hoppers  which  are  about  3  ft. 
above  the  top  of  the  belt,  making  the  whole  arrangement  about  4  ft. 
in  depth.  We  dump  into  it  as  fast  as  we  can  drive  the  teams  over  the 
hopper,  and  there  is  no  apparent  limit  to  what  the  belt  will  carry  off. 
It  takes  just  as  fast  as  we  can  drop  the  ^-yd.  scrapers  on  to  the  belt. 
It  takes  anything  at  all  you  can  get  on  to  it.  You  can  put  on  stones 
which  take  two  men  to  lift  which  will  go  on  at  a  speed  of  400  ft.  a 
minute,  and  mount  up  an  incline  of  26  degrees  without  any  effort,  and 
with  no  tendency  to  run  down  the  incline.  The  belt  has  a  total  carry 
from  the  head  pulley  to  the  out-board  pulley  of  about  225  ft.  We  have 
a  square,  200  x  272,  to  excavate.  Now,  the  bottom  of  the  belt  at  the 
upper  end  of  the  lot  is  about  14  ft.  below  where  the  material  is 
delivered,  so  as  to  shoot  off  and  fill  these  broad  dumping  scows.  We 
rise  as  we  go  up  about  14  ft.     But  it  does  not  make  any  difference 
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whether  it  is  14  ft.  or  400— this  grade  of  26^ — I  believe  you  oonld  roll 
^fiS^  ^P  ^^'  It  is  a  most  amusing  thing  to  see  these  round  stones 
going  up  without  any  effort  and  without  any  tendency  to  come  back. 
The  President. — I  think  if  you  keep  on,  Mr.  Parker,  you  will  have 
the  whole  Society  there. 

Mr.  Pabkeb.  —I  do  not  believe  they  would  want  to  leave  it  if  they 
saw  it.  It  is  so  remarkable  to  see  these  things — take  a  big  stone  that 
it  takes  two  big  men  to  lift,  and  you  would  think  when  it  starts  up 
that  hill  it  would  want  to  come  back;  but  it  does  not;  it  rides  up  and 
that  belt  goes  over  the  head  pulley  which  is  4  ft.  in  diameter,  shoots 
along  and  disappears.  As  you  stand  at  the  side  of  this  4-ft.  pulley  and 
look  at  it,  the  belt  coming  up  at  an  angle  of  about  26^,  you  would  nat- 
urally expect  the  material  to  fall  down  as  soon  as  it  gets  up  to  the  top 
of  the  hill.  But  it  does  not  do  that.  It  keeps  on  going.  (Laughter.) 
The  President.— Mr.  Parker,  I  think  if  you  will  stop  there,  they 
will  believe  your  story.     (Laughter.) 

We  have  some  more  business  to  transact  before  the  vote  of  the    Annual 
tellers  is  announced.     Is  there  anything,  Mr.  Secretary,  in  regard  to     oflSSx*^** 
the  Convention?    That  is  an  interesting  subject.    I  know  the  members 
of  the  Society,  from  letters  I  have  received,  are  all  interested  in  that 
matter.     Is  there  any  announcement  to  be  made  about  it? 

The  Secretary. — Up  to  the  present  time  nothing  further  as  to  the 
definite  programme  for  the  Convention  in  London  has  been  arranged. 
The  only  thing  that  has  been  fixed  is  the  time,  which  is  to  be  the  first 
week  in  July.  It  is  very  probable  that  the  first  meeting  will  be  called 
on  the  Tuesday  of  that  week,  which  is  the  3d  of  July.  But,  further 
than  that,  the  Committee  has  not  made  any  plans.  The  matter  is  in 
the  hands  of  a  Committee  appointed  by  the  Board  of  Direction,  with 
full  power  to  make  all  the  necessary  arrangements.  But  Mr.  Corthell 
was  in  Europe  at  the  time  the  decision  was  arrived  at,  as  to  holding  the 
Convention  abroad,  and  as  to  the  time  of  holding  it,  and  he,  at  my 
request,  very  kindly,  while  in  London  made  some  inquiries  and  saw 
many  of  the  members  of  the  Institution.  He  is  with  us  to-day  and  I 
think  he  would,  perhaps,  give  us  some  information  in  regard  to  the 
feeling  over  there  respecting  the  matter. 

The  pREeoDENT. — I  am  sure  that  I  only  voice  the  sentiment  of  the 
meeting  in  saying  that  we  are  extremely  glad  that  Mr.  Corthell  is  here, 
and  I  hope  Mr.  Corthell  will  respond  and  say  a  few  words  on  this 
subject.     We  have,  I  think,  six  minutes  and  a  quarter. 

E.  L.  Corthell,  M.  Am.  Soc.  C.  E. — Mr.  President,  then  I  have  got 
to  get  right  to  business.  I  have  been  two  months  in  Europe,  but  a 
g^eat  part  of  that  was  spent  on  this  very  matter,  with  a  request  from 
the  Secretary  that  I  would  get  some  information  on  my  return.  In  the 
first  place,  in  reference  to  the  Convention  at  London,  I  had  a  good 
opportunity  of  learning  the  wishes  of  the  engineers,  not  only  by  per. 
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Annual  sonal  conference  with  tbem,  bat  also  by  personal  correspondence  with 
:  .^otmo^^  them.  The  Secretary  of  the  Institution,  Dr.  Tudsbery,  Sir  DonglaH 
(continued).  Yqx,  the  President,  Mr.  Webb,  the  Chief  Engineer  of  the  London  and 
Northwestern,  and  several  others,  I  saw  and  we  talked  the  matter  over. 
They  understood  it  to  be,  and  so  did  I,  in  an  entirely  informal  manner. 
I  was  not  an  officer  of  the  Society,  nor  was  I  a  member  of  the  Commit- 
tee, but  I  thought  I  could  bring  back  something  from  them  that  would 
be  of  interest  and  would  be  attractive  to  the  members  of  this  Society 
in  their  contemplated  visit  jbo  Europe.  I  know  what  the  personal 
views  are  of  the  two  Past-Presidents  of  the  Institution,  Sir  William  H. 
Preeoe  and  Sir  John  Wolf  Barry  and  of  Sir  Douglas  Fox,  the  present 
President.  They  are  very  desirous  that  there  should  be  a  large  repre- 
sentation of  our  members,  and  they  are  prepared  to  treat  us  very  nicely 
indeed,  to  give  us  a  cordial  welcome,  and  not  only  that,  but  to  arrange 
the  programme  of  our  stay  of  a  week  in  London  so  that  it  will  be  greatly 
to  our  advantage  and  to  our  great  pleasure.  At  the  time  I  was  there  I 
expected,  from  the  way  the  matter  was  going  when  I  had  left  here, 
that  there  would  be  a  large  representation  of  this  Society ;  perhaps  in 
all,  including  the  families  of  the  members,  five  hundred  people  to  go 
over  there,  and  I  hoped,  and  so  did  many  of  us  at  that  time,  that  we 
could  go  in  a  body.  On  that  supposition  or  assumption  the  members 
of  the  Institution  are  planning  something,  to  be  changed,  of  course, 
according  to  our  movements,  according  to  the  number  that  may  go, 
and  other  conditions.  They  wish  us  to  arrive,  if  possible,  together  at 
Liverpool.  They  suggested  that,  because  they  wished  to  show  us 
first,  by  an  excursion  that  they  will  arrange,  the  Liverpool  docks,  the 
largest  and  finest  in  the  world,  as  we  all  know,  and  the  most  expen- 
sive; then,  by  a  steamer  excursion,  which  will  be  arranged  for,  through 
the  Manchester  Ship  Canal  to  Manchester,  which  will  be  a  treat  in 
itself.  Then  from  Manchester  by  the  London  and  Northwestern  road 
to  Crewe  where  Mr.  Webb  will  show  us,  perhaps,  the  finest  shops,  I 
won't  say  in  the  world,  but  at  least  in  Great  Britain ;  thence  to  London. 
In  London  they  wish  to  show  us  every  attention,  and  are  planning  to 
give  us  a  reception  and  conversasiune  in  the  Guild  Hall  of  London, 
which  they  think  they  can  arrange  for.  They  also  suggested  that  if  we 
were  there  in  large  numbers  and  were  most  of  us  in  one  hotel  which  was 
our  home  while  we  were  there — this  was,  perhaps,  my  own  suggestion — 
that  w^e  could  receive  the  British  Engineers  in  that  way,  and  so  make  it 
pleasant  for  them.  I  went  to  see  our  Ambassador,  Mr.  Choate,  just 
the  night  before  I  was  leaving  and  asked  him  if  he  would  assist  in 
such  a  reception  at  our  hotel.  He  said  to  me:  '*Is  that  the  Society, 
are  those  the  gentlemen  whose  house  I  helped  dedicate?"  I  said  they 
are  the  very  gentlemen.  He  said:  '*  I  will  do  anything  I  can  for  them. 
All  they  have  to  do  is  to  say  what  they  want  me  to "  do  and  I  will  be 
with  them."     (Applause.) 
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As  to  transportation,  I  did  not  know  that  that  matter  had  been 
placed  in  the  hands  of  transportation  agents  here  who  are  perfectly 
able  to  carry  out  any  programme  for  ns;  so  I  looked  up  the  matter 
somewhat  in  regard  to  steamships,  and  particularly    in  regard  to 
hotels,  with  the  assistance  or  suggestions  of  Dr.  Tudsbery  and  others. 
We  can  find  accommodations  probably  all  together,  even  if  there  are 
300  or  400  of  us,  in  a  new  hotel  about  a  mile  and  a  half  away  from  the 
Institution  where  we  are  to  hold  our  meeting;  but  very  conveniently, 
right  by  there,  are  busses  which  can  be  called  within  fifteen  minutes 
to  take  us  back  and  forth.     It  is  the  Hotel  Bussell,  on  Russell  Square, 
near  Oxford  Street.     It  is  to  be  finished  in  March.     I  am  awaiting 
now  a  letter  in  answer  to   my    letter  to  the  General   Manager  of 
the  Frederick  Hotel,  who  runs  this  new  Great  Central  Hotel   and 
others,  in  reference  to  this  matter.     In  reference  to  the  Institution, 
they  wished  to  know  how  we  conduct  our  Convention.     I  told  them 
how  we  usually  conducted  it,  and  the  meetings  we  desired  to  hold. 
They  will  give  us  the  entire  building,  which  you  know  is'  the  finest 
engineering  building  in  the  world,  will  give  us  all  facilities  for  our 
meeting,  arrange  the  hall  as  they  do  for  large  occasions,  which  seats 
about  400  or  450  people,  and  it  was  suggested  by  Sir  Douglas  Fox 
that  we  should  have  a  joint  meeting  of  British  engineers  and  American 
engineers  to  which  they  would  like  to  invite  members  of  all  societies 
— any  engineers  that  may  be  at  that  time  in  London,  as  he  expressed 
it,  so  that  we  could  talk  to  each  other  and  tell  each  other  how  much 
we  think  of  each  other.     He  said  he  had  a  speech  for  the  occasion 
himself.     Many   of  those  things  are  in  their  minds,  and  they  are 
planning,  and  as  soon  as  they  know  what  we  want  and  how  many  of 
us  will  be  there,  they  will  proceed  to  develop  these  plans,  so  that  when 
we  arrive  the  programme  will  be  entirely  arranged,  and  they  will  take 
charge  of  us,  and  give  us  attention  on  these  lines,  and  any  other  lines 
that  circumstances  may  indicate.     How  many  minutes,  Mr.  President? 
The  Pbbsiosnt.  -Six  minutes  and  a  half,  Mr.  Corthell. 
Mr.   CoBTHELL.— Thank  vou.     It  is,  I  think,   very  important.     I 
have  sent  out  150  letters  to  some  of  you  gentlemen,  most  of  you  non- 
residents, within  the  last  week  and  got  some  very  nice  replies,  but 
they  are  not  satisfactory  to  me,  in  reference  to  going.     I  have  not 
overstated  the  attractiveness  of  this  visit  to  Europe.     It  is  going  to 
be  a  visit  that  if  we  do  not  make  it  we  will  regret  it  all  our  lives,  and 
if  we  do  make  it  we  will  always  be  glad  that  we  went,  not  only  to  see 
what  we  can  in  Great  Britain,  but  in  Paris.     We  are  interested  more 
or  less  in  this  or  that  Congress  to  be  held  there.     Perhaps  you  may 
not  know  that  when  I  left  Paris,  the  principal  delegate  of  the  French 
Government,  who  has  charge  of  the  Congresses,  told  me  that  they  have 
now  reached  a  total  of  125.     We  are  not  interested  in  all  of  them. 
But  I  have  a  memorandum  here,  copied  this  morning  from  the  pro- 
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rAnnual  grammes  whioh  I  obtained  in  Paris  of  the  following  Congresses,  and 
of  ivno  the  dates  on  which  the^  come,  so  that  jon  may  have  them  in  jonr 
(continued) .  jj^i^^  rphe  Mining  Congress,  mining  and  metallurgy,  oomes  on  June 
18th  and  23d.  The  Congress  of  Tests  is  from  the  9th  of  July  to  the 
16th,  and  the  Congress  of  Navigation,  in  which  many  of  ns  are 
interested,  comes  on  the  28th  of  July  and  the  Sd  of  August,  and  it  was 
with  that  end  in  view  I  suggested  that  our  Convention  in  London 
should  be  held  in  the  week  previous.  This  would  be  perfectly 
satisfactory  to  the  Institution  people, '* because,"  as  they  say,  *'we 
are  all  here  at  that  time;  it  is  before  our  vacation — ^the  Westminster 
Engineers — and  Parliament  itself  is  in  session,*'  so  that  it  is  the  most 
convenient  time  to  hold  our  convention  in  London.  Then  we  can  go 
to  Paris,  and  those  of  us  who  are  interested  in  the  Congress  of  Tests 
of  Material  can  immediately  attend  to  that,  as  I  know  many  are. 
Then  with  two  weeks  to  see  the  Exposition  and  Paris,  the  Congress  of 
Navigation  comes  off  on  the  28th  of  July,  so  that  there  will  be  six 
weeks  of  very  interesting  and  useful  experience  for  us  to  go  through. 
As  far  as  the  Exposition  is  concerned,  you  know  as  much  about  it  as 
I  do,  because  it  is  in  the  papers,  in  the  prints,  every  week.  But  I 
have  given  a  good  deal  of  attention  to  it.  I  have  been  over  the 
Exposition  grounds  now  for  two  years,  several  times,  and  I  assure 
you  it  is  going  to  be  a  very  attractive  exposition  in  many  ways  and  in 
many  new  ways.  An  exhibition  of  the  colonies  of  all  the  world  is  to 
be  there,  each  one  of  which  is  going  to  be  remarkably  interesting^ 
with  the  people  themselves  coming  from  those  distant  colonies  and 
living  as  they  live  there.  The  new  bridge  to  be  built,  which  I 
described  in  a  paper  myself  last  February,  is  very  nearly  completed, 
and  it  will  be  something  that  bridge  engineers  will  be  very  glad  to  see. 
It  is  probably  the  finest  and  widest  street  bridge  in  the  world — 140 
meters.  The  buildings  of  the  Exposition  are  nearly  completed,  and  I 
think,  with  a  few  exceptions,  they  will  all  be  ready  when  the 
Exposition  opens.  In  the  paper  I  read  last  February  I  showed  a  map 
on  which  was  the  Metropolitan  Railway,  45  miles  in  all,  but  they  are 
confining  themselves  now  to  the  line  underground,  a  tunnel  or  sub- 
way from  the  Bois  de  Yincennes  to  the  Exposition,  the  Trocadero, 
with  branches,  so  that  the  facilities  for  getting  about  Paris  are  going 
to  be  very  convenient. 

Another  thing,  I  looked  up  the  question  as  to  the  price  of  living 
there.     The  general  impression 

The  Pbbsidbnt. — Mr.  Corthell,  one  moment.  As  it  is  now  twelve 
o'clock  I  will  declare  the  ballot  closed.  You  will  proceed,  Mr. 
Corthell. 

Mr.  CoBTHELii. — I  made  many  inquiries  in  reference  to  it,  knowing 
that  it  was  a  matter  you  would  all  be  interested  in,  because  it  is  going 
to  be  an  expensive  trip  anyway.     I  think  from  all  I  can  learn  that  the 
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increaae  in  cost  of  living  in  Paris  will  be  not  much  more  than  20% 
of  what  it  osnally  is.  The  people  with  whom  I  talked  told  me  that 
thej  had  to  raise  the  prioe  somewhat,  because  the  prioe  of  everything 
that  people  used  would  be  raised;  consequently  the  pensions — and 
you  know  Paris  is  full  of  pensions— 1  don't  mean  a  third-rate  New 
York  boarding  house  which  we  don't  like  very  well,  but  the  pensions 
in  Paris,  as  a  general  thing,  as  far  as  I  know,  and  I  have  lived  in 
several  of  them,  are  very  nice;  the  food  is  good,  is  well  served,  and 
they  are  well  taken  care  of.  Now,  anyone  can  live  in  those  pensions 
during  the  Exposition  at  about,  comfortably,  not  over  10  francs  a 
day,  that  is  $2. 

About  transportation,  what  I  want  to  do  and  what  many  wish  to  do 
is  that  we  can  finally  get  together  a  large  enough  body  of  our  people 
to  go  togrether.     It  would  be  better  in  every  respect. 

The  Pbbsident. — You  mean  to  go  over  together? 

Mr.  CoBTHiOiii. — That  is  what  I  have  had  at  heart  and  I  cannot 
get  rid  of  it.  (Applause.)  If  we  should  go  together  ^'e  could  be 
entertained  better,  we  could  be  better  taken  care  of,  and  it  would 
please  the  people  in  Great  Britain  to  have  us  come  in  that  way,  and 
I  think  from  what  I  learn  of  our  transportation  people,  in  whose  hands 
we  placed  this  matter — Raymond  &  Whitcomb — that  within  a  month 
or  six  weeks  even  from  now,  if  we  should  find  that  we  were  really 
going  in  a  body,  we  could  cancel  this  arrangement  we  are  now  making 
with  them  on  various  steamers,  and  they  will  charter  a  steamer  for  us 
and  we  can  go  together.  That  is  what  I  wish  all  of  you  would  think 
about  that  are  thinking  about  going,  and  follow  up  these  letters  that 
I  have  written  to  you  and  see  if  we  cannot  get  together  a  good  large 
body  of  American  engineers  going  to  Paris. 

The  Pbbsident. — Would  you  mind  my  saying  one  word  on  that 
point  while  it  is  before  the  house?  It  seems  to  me  that  it  is  very  im- 
portant that  we  should  know  whether  there  are  enough  members  of  the 
Society  and  their  families  who  will  make  a  large  enough  party  to  go 
together.  So  far  the  Committee  has  had  very  little  consolation  on 
that  point  and  very  little  information.  Very  few  have  responded.  I 
want  to  emphasize  that  point.  It  will  be  necessary  to  have  a  response 
rather  early,  will  it  not,  Mr.  Corthell? 

Mr.  GoBTHBiiL. — Yes,  sir;  certainly  within  a  month,  if  possible. 

The  pRBSiDBNT. — Not  many  steamers  are  in  service.  A  great  many 
have  been  taken  off  and  the  others  are  rapidly  filling. 

Mr.  CoRTHiEiiij. — Following  that  line  of  thought,  I  wrote  to  one  of* 
our  friends,  the  Chief  Engineer  of  the  Liverpool  Docks,  knowing  that 
he  was  right  there  where  the  two  great  English  lines  are,  the  White 
Star  and  the  Cunard,  to  see  what  could  be  done.  I  have  had  some 
letters  from  the  Cunard  Line.  They  are  nearly  entirely  booked  on 
account  of  the  disarrangement  and  the  taking  off  of  their  vessels  for 
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Annual       the  Transvaal  war.     Thej  say  that  on  our  return  there  will  be  no 

^of^oo''^  trouble,  if  anyone  has  that  in  mind,  about  getting  back  to  the  United 

continued),  fltates  in  July  or  August,  because  people  will  not  be  returning  in  very 

large  numbers,  and  the  Gunard  Company  is  of  the  opinion  that  there 

will  be  no  trouble  oq  returning. 

Mr.  Green  asked  me  a  question  about  the  comparative  expense 
whether  we  go  separately  or  together.  I  think  if  we  have  a  large 
enough  body  to  go  together,  to  take  a  special  steamer,  say,  500  people 
all  told,  that  the  cost  would  be  less,  I  am  not  sure  on  that  subject. 
The  Committee  may  give  a  different  opinion. 

If  I  may  be  allowed  just  one  moment  about  a  matter  which  I  have 
taken  a  great  deal  of  interest  in,  as  you  know,  and  that  is  Navigation 
Congresses — I  say  Congresses  advisedly.  You  may  remember  that  at 
the  last  Convention  I  made  a  few  remarks  on  the  Brussels  Congress, 
that  was  in  May.  Before  I  went  to  Europe  in  October  I  delivered — I 
guess  that  is  the  proper  word — it  took  a  trunk  nearly  to  take  my  report 
down,  which  1  spoke  of  at  that  time,  delivered  it  to  the  Secretary  of 
State.  There  will  be  about  250  pages  of  printed  matter,  and  115  illustra- 
tions on  all  subjects  of  navigation,  rivers,  canals,  harbors,  etc.  While 
I  have  been  away  I  have  been  informed  by  the  Secretary  of  State  that 
the  report  has  been  accepted  and  sent  to  Congress  to  be  printed,  and 
I  just  came  irom  Washington.  I  spent  twelve  days  there  on  the 
matter  of  these  Congresses.  I  feel,  perhaps,  you  have  a  right  to  listen 
to  a  word,  because,  I  say,  it  is  all  for  love;  I  have  no  interest  in  the 
matter  except  what  you  all  have.  The  report  is  now  in  the  hands  of 
the  public  printer,  and  one  object  of  my  being  in  Washington  these  last 
twelve  days  was  to  arrange  for  the  introduction  of  a  concurrent  reso- 
lution through  Senator  Piatt,  who  is  the  chairman  of  the  Printing  Com- 
mittee of  the  Senate,  for  a  thousand  extra  copies,  additional  bound  copies 
of  the  report.  The  Secretary  of  State  in  forwarding  the  report  asked 
for  no  additional  copies,  consequently  there  will  be  only  the  regular 
number  of  815  which  go  to  several  places  and  nobody  ever  sees  them; 
that  is,  we  will  never  see  them  unless  there  are  those  additional 
copies.  Now,  the  Congress  of  1900  coming  this  year  I  have  had  con- 
siderable to  do  with  the  matter,  as  all  know,  and  it  has  been  arranged 
that  2  500  copies  of  the  programme  be  sent  here,  in  French.  I  say  in 
French  for  the  reason  that  the  French  Government  has  decided  that 
all  programmes,  all  letters,  everything  relating  to  the  Congresses  in 
Paris  this  year  shall  be  in  French  only.  Now  that  has  been  translated, 
and  you  will  all  receive  the  programmes  in  a  few  days,  with  an  English 
translation  put  into  the  fold,  so  that  you  will  understand  the  whole 
matter,  whether  you  know  French  or  not. 

Now,  one  more  point  and  then  I  am  done.  I  have  been  trying  for 
a  year,  at  the  suggestion  of  prominent  engineers  in  Europe,  some  of 
them  members  of  tiie  Society,  like  M.  Pontzen;  and,  by  the  way,  let 
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me  interject  a  clause  here — lie  is  one  of  the  leading  engineers  of  Enrope, 
and  he  is  a  member  of  this  Society.  He  has  been  for  many  years  Direc- 
tor of  Boutes  of  Navigation  of  the  French  Republic.  When  I  told 
liim  that  we  were  going  to  hold  our  Convention  in  London  he  was  very 
happy.  He  said :  **  I  am  so  glad,  and  I  will  be  there  myself  with  you," 
and  these  gentlemen,  like  Professor  Timonoff,  of  St.  Petersburg, 
who  is  a  member  of  this  Society  also,  and  other  leading  men  that  I 
met  in  Brussels,  favored  this  suggestion.  I  undertook,  on  my  return  a 
year  ago,  to  see  what  could  be  done  in  holding  any  International  Con- 
gress in  the  United  States  after  the  Paris  Congress,  and  this  last  week 
there  was  a  bill  introduced,  after  considerable  efforts  to  find  a  place 
for  it — Senate  2  330 — it  will  be  introduced  in  the  House,  if  it  has  not 
been  already,  authorizing  the  President  of  the  United  States  to  notify 
the  International  Navigation  Congress,  at  its  session  in  Paris  this  year, 
to  designate  the  building  which  has  been  designated  as  <*  rooms  in  the 
Library  of  CongretiS,"  and  either  to  appropriate  825  000  to  pay  the 
•expenses  of  the  occasion,  or  so  much  as  may  be  needed  of  that  sum  in 
entertaining  foreign  delegates,  and  paying  other  expenses  of  the  Con- 
gress. I  am  sending  to-day  from  my  office  about  forty  of  those  bills  to 
those  of  you  who  are  interested  in  this  subject,  and  I  have  sent  foi^  fifty 
more,  and  I  will  send  them  along.  What  I  want  you  to  do  is  to  give  the 
information  to  any  that  are  not  here  to-day  that  anything  that  can  be 
done  in  forwarding  this  matter  in  Congress  by  letters  to  your  Congress- 
man or  your  Senators  will  be  in  the  line  of  bringing  about  something  of 
great  utility  to  the  navigation  interests  of  this  country. 

Now,  just  one  more  point.  I  have  talked  now  nearly  six  minutes,  I 
know.  But  it  is  of  importance  in  connection  with  holding  that  Con- 
gress in  the  United  States,  that  there  should  be  a  large  delegation 
from  the  United  States  at  the  Paris  Navigation  Congress.  Now,  if 
they  find  on  looking  over  the  assembly  over  a  thousand  people  from 
all  parts  of  the  world  and  only  two  or  three  from  the  United  Statee, 
perhaps  they  will  say,  **  we  think  you  had  better  take  more  interest  in 
the  matter  before  we  go  to  the  United  States."  So  now  let  it  be 
understood.     There  may  be  several  Government  delegations. 

The  Pbesident. — A  quarter  of  a  minute  more,  Mr.  Corthell. 

Mr.  CoBTHEiiL. — But  under  the  rules  of  the  Congress  there  can  be 
delegates  from  Chambers  of  Commerce,  from  Boards  of  Trade, 
Accredited  delegates  as  well  as  private  members,  and  I  wish  you  would 
all  have  that  in  view,  and  if  you  are  going  and  are  interested  in  the 
subject,  to  get  somebody  to  make  a  delegate  of  you.     (Applause.) 

Hekbt  C.  Meteb,  F.  Am.  Soc.  C.  E. — I  would  like  to  ask  a  ques- 
tion— if  it  would  be  desirable  for  those  members  who  contemplate 
being  in  Europe  at  the  time  of  the  Convention  and  yet.find  it  more 
•convenient  to  go  earlier  than  the  body  will  go,  to  arrange  to  meet  in 
Liverpool,  and  if  that  were  done,  if  the  English  Committee  could  then 
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Annual     be  informed  about  how  many  members  of  the  American  Society  they 
otmo^^  would  have  to  provide  for.     I  think  there  will  be  qnite  a  number  that 
(continued),  ^qj  ^^^  ^^  ^^  ^^leeA  of  that  time. 

The  President. — The  Committee,  I  think,  have  already  taken  some- 
action  in  regard  to  that. 

Mr.  Meter.— These  remarks  of  Mr.  Corthell  indicated  that  it  was 
very  desirable  that  all  should  go  at  one  time,  which  would  be  the 
latter  part  of  June,  and  that  is  why  I  made  that  suggestion. 

Mr.  CoBTHELL. — May  I  say  another  word  ?  •  I  learned  since  I  came 
back,  that  several  are  going  earlier,  as  has  now  been  mentioned  by  the 
last  speaker,  and  I  wrote  a  letter  yesterday  to  a  gentleman  to  please 
notify  the  Committee  because  he  expects  to  go  in  May,  and  to  be,  on 
his  return  trip  at  the  time  of  our  meeting,  and  he  will  be  there.  It 
is  all  the  same  if  we  are  there  in  London;  the  more  the  better,  no- 
matter  whether  they  are  going  or  coming. 

The  Pbesidemt. — Has  the  Secretary  anything  to  say  on  the  subject? 

The  Sbcretabt.  —In  the  matter  of  getting  a  steamer  to  take  the 
Society  in  a  body  a  great  deal  of  effort  was  made  by  the  Committee 
some  time  ago.  Quite  a  number  of  the  Trans- Atlantic  companies  were 
approached  on  the  subject,  and  it  was  found  to  be  absolutely  impos- 
sible unless  we  had  the  funds  with  which  to  pay  for  the  entire  passen- 
ger accommodation  on  a  steamer.  Now,  on  the  larger  steamers  that 
would  amount  to  something  like  830  000.  The  committee  found  also 
that  we  could  get  a  slow  steamer,  a  freight  steamer,  good -sized,  perhaps 
10  000  tons,  on  which  temporary  passenger  accommodations  for  about 
250  people  are  being  placed  for  this  year's  business,  and  you  could 
secure  these  accommodations  on  one  of  the  regular  trips  of  that  steamer 
at  a  round  rate,  per  person,  of  $50  for  the  outward  passage.  It  seemed 
doubtful  to  the  Committee  whether  the  members  of  this  Society  would 
care  to  take  that  kind  of  accommodation  without  knowing  what  the 
service  is  going  to  be,  or  the  food  or  anything  else,  except  that  the 
voyage  will  take  about  twelve  days.  But  to  get  even  that  steamer 
with  those  accommodations  would  necessitate  a  deposit  of  $7  000.  It 
was,  therefore,  impossible,  the  Society  not  having  any  funds  to  advance 
for  such  an  enterprise,  to  engage  any  steamer  before  responses  were 
received  from  the  250  odd  members  of  the  Society  who  had  already 
said,  in  answer  to  the  circular,  that  they  would  go  to  London,  and  it 
was  hoped  that  after  the  last  circular  was  issued  in  which  a  request 
was  made  that^the  Secretary  be  informed,  as  soon  as  arrangements  were 
made  by  individuals,  of  their  intention  to  go,  and  of  the  time  they 
would  probably  go — it  was  hoped  that  there  would  be  enough  of  them 
who  had  already  made  their  arrangements,  or  had  signified  their- 
intention  of  making  their  arrangements,  to  enable  Raymond  &  Whit- 
comb,  who  are  the  agents  in  whose  hands  we  tried  to  put  as  much  of 
the  business  as  possible,  in  order  to  keep  it  together,  to  enable  them 


Digitized 


byGoogk 


AfEairs.]  REPORT  OF  THE  ANNUAL  MEETING.  53 

to  arrange,  if  possible,  to  charter  a  steamer  for  us.  Now,  that  hope, 
as  Mr.  Corthell  has  suggested,  is  Lot  entirely  gone,  but  it  is  imperatiye 
in  order  that  proper  arrangements  may  be  made  for  the  Convention  in 
London,  that  every  member  of  the  Society  who  decides  to  go,  as  soon 
as  he  so  decides,  should  notify  the  Secretary  of  his  intention,  in  order 
that  our  English  friends  may  be  informed  of  the  number  they  may 
expect  to  meet  over  there. 

BoBEBT  W.  HuKT,  M.  Am.  Soc.  C.  E. — May  I  ask  whether  the  Com- 
mittee or  the  Board  of  Direction  of  this  Society  have  given  any  thought 
to  the  matter  of  combining  with  the  other  engineering  societies  ?  We 
are  all  aware  of  the  fact,  probably,  that  each  one  of  our  engineering 
societies  has  had  identically  the  same  invitation  extended  to  it  by  the 
Institution,  and  they  expect  to  have  guests  from  all  three.  Now,  many 
of  us  belong  to  all  three  and  are  confronted  by  the  question  of  which 
invitation  we  are  going  to  accept,  if  they  are  treated  as  three  distinct 
ones.  If  we  could  charter  a  steamer  and  get  enough  acceptances 
would  it  not  be  desirable  to  repeat  the  history  of  the  former  journey 
abroad. 

The  Pbbsidbnt. — I  think  Mr.  Clarke  was  present  at  the  meeting  last 
evening.     You  can  answer  that,  can't  you,  Mr.  Clarke? 

Mr.  CiiABKE. — I  beg  pardon.     I  did  not  hear  it. 

The  Presidemt. — Mr.  Bicketts,  can  you  give  any  information? 

Mr.  BiOKETTS. — I  was  not  able  to  be  in  town;  so  I  cannot. 

The  Pbbsident. — Mr.  Manley,  will  you  say  a  word  on  that  subject? 

Mr.  ManiiEY.  —Mr.  Chairman,  I  can  only  say  a  word.  The  Com* 
mittee  had  a  meeting  last  night  at  which  they  were  informed  that  the 
representatives  of  one  society  had  addressed  a  note  to  our  Secretary 
saying  that  they  were  not  going  to  make  any  arrangements  to  go  them- 
selves, but,  perhaps,  we  would  invite  them  to  go  with  us.  We  con- 
sidered that  we  could  not  invite  members  of  other  societies  to  go  with 
us.  But,  at  the  same  time,  light  is  dawning  upon  me  from  the  state- 
ment made  that  a  general  invitation  has  been  issued  by  the  Institution 
of  Engineers  to  various  bodies  of  engineers  who  propose  to  go  there. 
I  think  that  some  of  them — one  body  of  mining  engineers,  if  I  have 
not  forgotten — ^have  already  arranged  to  have  their  meeting  some  time 
in  June.  But  I  can  answer  the  question  in  general  terms  by  saying 
that  no  such  general  combination  has  been  made.  I  might  say  further, 
that  we  are  not  able  to  go  in  a  body  ourselves,  and  that  we  don't  know 
yet  what  to  do,  and  that  the  arrangements  thus  far  are  very  crude.  The 
natural  course  of  proceedings  would  be  to  appoint,  on  the  part  of  the 
Society,  a  local  committee,  as  we  always  do.  We  have  a  number  of 
members  resident  in  Europe,  and  that  Committee,  in  connection  with 
the  Committee  of  the  Society  here,  and  with  the  Institution  of  Engi- 
neers, will  be  able  to  concoct  a  programme  which  can  be  intelligently 
carried  out.     But  the  Transvaal  war  seems  to  have  knocked  this  to 
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Annual     pieces.     Generally,  as  to  our  going  there  in  a  body,  we  have  not  yet 

^o7?S»^'*  been  able  to  make  such  arrangements  to  take  us  over  there  to  provide 

(continued^,  for  our  own,  let  alone  other,  people. 

The  pBBaoDEMT. — I  am  sorry  to  say  that  onr  time  is  all  exhausted 

on  this  subject.     Perhaps  we  will  have  an  opportunity  to  take  it  up 

later.     We  will  listen  to  the  report  of  the  Tellers,  gentlemen. 

Report  of       The  Secbetart  read  the  report  of  the  Tellers,  as  follows : 
Tellers. 

Report  of  the  Tellers  Appointed  to  Count  the  Vote  for  Officers. 

New  York,  Januaby  17th,  1900. 
Mr.  Pbesidemt: 

We  beg  leave  to  submit  the  following  report  on  the  number  of  votes 
cast  at  the  Annual  Election : 

Whole  number  of  ballots  received 670 

Without  signature 6 

Valid  ballots 564 

Fai"  President  : 

John  Findley  Wallace 557 

F.P.Stearns 1 

Elmer  L.  Corthell 2 

Robert  Moore 4 

For  Vice-Presidents : 

Rudolph  Bering 530 

Alfred  Noble 561 

George  W.  Rafter 1 

John  R.  Freeman 1 

Far  Treasurer: 

J.  M.  Knap 564 

For  Directors : 

John  F.  O'Rourke 554 

Henry  B.  Seaman 560 

Thomas  H.  Johnson 564 

Joseph  Ramsey,  Jr 564 

H.  B.  Richardson 562 

G.  A.  Quinlan 563 

C.  K.  Bannister 1 

W.  F.  Whittemore 1 

William  F.  Merrill 1 

Henry  W.  BrinckerhoflF. 1 

Thomas  J.  Long 3 

Very  respectfully, 

T.  McC.  Leutze, 
H.  M.  Rood, 

TeUers. 

The  Pbesident. — Gentlemen,  you  have  heard  the  report  of  the 
Tellers,  and  in  accordance  with  that  report  I  hereby  announce  that  the 
Society  has  elected  for  the  year  ensuing,  for  President,  John  Findley 
Wallace;  for  Vice-Presidents,  Rudolph  Hering  and  Alfred  Noble;  for 
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Treasurer,  Joseph  M.  Knap;  for  Directors,  John  F.  O'Ronrke,  Henry 
B.  Seaman,  Thomas H.  Johnson,  Joseph  Bamsey,  Jr.,  Henry  B.  Rich- 
ardson and  George  A.  Quinlan.     (Applause. ) 

Before  introdaoing  the  new  President,  I  shonld  like  to  ask  the 
Secretary  if  he  has  any  announcements  to  make  in  regard  to  the 
programme? 

The  Secbetaby. — ^Yes,  sir.  Perhaps  it  would  be  well  to  emphasize  ^P*°^® 
one  or  two  points.  The  programme,  so  far  as  it  is  possible  to  state  MeetLg. 
now,  will  be  carried  out  as  printed.  Certainly,  after  the  adjournment 
of  this  meeting,  there  will  be  a  lunch  downstairs,  at  or  about  one 
o'clock.  At  3  p.  M.  Mr.  Parsons*  lecture  will  be  given  in  this  room, 
and  inasmuch  as  the  seating  capacity  of  this  room  is  limited,  for  sight 
of  the  pictures,  to  about  330,  and  as  the  ladies  have  also  been  invited 
to  be  present,  I  think  it  would  be  well  for  all  who  desire  to  hear  Mr. 
Parsons  to  come  early. 

The  reception  to-night  will  take  place  as  stated  in  the  programme; 
and,  weather  permitting,  the  excursion  to-morrow  will  be  carried  out 
as  printed,  visits  being  made  to  the  two  power  stations,  one  of  the 
Third  Avenue  Bailroad  Company,  and  the  other  of  the  Metropolitan 
Street  Railway  Company.  There  is  every  indication  that  we  will  be 
able  to  accomplish  what  is  intended  and  go  all  the  way  around  Man- 
hattan Island.  At  8.30  to-morrow  night  Mr.  George  B.  Francis  will 
address  the  Society  on  the  South  Terminal  Station  of  Boston,  which 
address  will  be  illustrated  with  lantern -slides.  I  might  say  that  it  will 
aid  the  Committee  of  Arrangements,  if  those  members  who  have  not 
already  secured  tickets  for  the  excursion  to-morrow  and  for  the  recep- 
tion this  evening,  will  do  so  as  soon  as  possible  after  the  adjournment 
of  this  meeting.  It  is  necessary  to  provide  for  quite  a  substantial 
lunch  >vhen  you  take  a  crowd  off  on  the  river  for  all  day,  and  if  we  do 
not  know  how  many  we  are  going  to  have,  somebody  may  go  hungry. 

The  President. — Before  introducing  the  new  President,  I  wish  to  Remarks  by 
say  a  few  words  in  acknowledgment  of  the  many  acts  of  kindness  ^J^IJSd!^* 
received  from  the  Society  during  the  past  year  and  in  expression  of 
my  appreciation  of  the  benefits  derived  from  occupying  this  chair. 
Aside  from  the  distinction  which  necessarily  attaches  to  the  office  of 
President,  there  are  many  advantages  which  arise  from  a  wide  associa- 
tion with  members,  permitting  an  exchange  of  views  on  a  more 
extended  basis,  or  from  a  wider  plane,  than  is  possible  as  a  member 
only.  It  has  been  a  cause  of  regret  to  me  that  during  the  past  six 
months  important  duties  have  called  me  away  from  my  home  and  so 
far  away  that  I  have  been  unable  to  attend  the  meetings  of  the  Society. 
This  absence  has,  however,  enabled  me  to  exchange  views  and  to  come 
into  close  relation  with  engineers  in  sections  of  the  country  less 
familiar  to  me,  and  it  has  been  a  very  gratifying  experience.  In 
Chicago  there  have  been  three  occasions  which  have  brought  a  large 
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BemarkBby  nnmber  of  engineers  together  which  I  remember  with  a  great  deal  of 
FltsGtoraid  pleasure.  One  was  an  excursion  to  examine  the  Terkes  telescope; 
(continued),  another  was  a  large  dinner  given  in  Chicago  to  Mr.  Alfred  Noble  on 
the  eve  of  his  departure  to  Paris  on  duties  connected  with  the  Isth- 
mian Commission;  and  the  third  was  an  excursion  to  Madison  to 
witness  the  inauguration  of  Professor  Johnson  as  Dean  of  the  Engi- 
neering School  of  the  University  of  Wisconsin.  If  any  one  supposes 
that  enthusiastic  excursions  of  engineers  are  limited  to  the  East,  he 
would  have  been  very  readily  undeceived  by  attending  either  of  these 
excursions.  On  the  last  occasion  there  were  five  oars  laden  with  engi- 
neers and  their  families.  All  with  whom  I  conversed  had  a  high 
respect  for  this  Society  and  its  work,  and  an  abiding  faith  in  its 
future.  It  is  perhaps  true  that  a  small  current  of  pessimism  may  be 
sometimes  observed;  it  is,  however,  confined,  as  a  rule,  to  the  older 
members  of  the  profession  who  naturally  miss  familiar  faces  as  age 
increases  and  who  are  less  inclined  to  changes  of  method  than  younger 
men.  It  is  true,  I  believe,  that  this  Society  was  never  in  a  better 
position  for  doing  good  work  than  it  is  to-day.  It  stands  on  a  firm 
footing.  The  membership  is  rapidly  increasing,  and  I  believe  that 
to-day  it  contains  as  large  a  proportion  of  able  men  as  it  ever  did. 
The  younger  men  have  perhaps  never  been  better  fitted  by  training 
and  association  for  carrying  on  the  best  work  of  the  Society. 

Our  financial  condition  has  been  fully  set  forth  in  the  Report  of  the 
Board  of  Direction,  and  you  will  see  from  that  report  how  much  the 
debt  of  the  Society  has  been  reduced  and  the  work  of  the  Society 
enlarged.  We  have  many  opportunities  for  the  wise  expenditure  of  our 
surplus.  More  time  and  money  should  be  devoted  to  the  Library.  I 
have  recently  submitted  to  the  Board  a  plan  for  extending  its  useful- 
ness, and  I  hope  the  new  management  will  take  this  matter  in  hand, 
and  that  the  Society  will  approve  of  any  judicious  expenditures  in  this 
direction. 
President  I  now  take  pleasure  in  presenting  Mr.  Wallace,  your  new  Presi- 

introduced,    dent.     I  feel  sure  that  in  him  the  Society  has  a  wise  counsellor  and  a 
loyal  friend. 

John  Findlby  WajljaJLCE,  M.  Am.  Soc.  C.  £.— Mr.  President,  and 
Gentlemen  of  the  American  Society  of  Civil  Engineers :  I  thank  you 
for  the  honor  that  you  have  conferred  upon  me,  and  I  fully  appreciate 
the  fact  that  it  is  the  highest  honor  that  can  be  conferred  upon  an 
American  engineer.  Realizing  this  and  my  own  unfitness  I  feel  an 
embarrassment  a  great  deal  deeper  than  I  can  show,  and  which  words 
cannot  express.  However,  it  has  been  the  almost  universal  experience 
of  American  engineers  to  be  called  upon  to  fill  positions  and  perform 
duties  apparently  beyond  their  abilities.  I,  therefore,  accept  this  posi- 
tion, as  I  have  many  others  of  lesser  importance,  in  the  hope  that  a 
kind  Providence  may  assist  me  in  filling  it,  at  least  in  such  a  manner 
as  not  to  bring  discredit  upon  our  organization. 
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I  had  a  few  remarks  prepared  on  the  snbject  of  the  Annnal  Oonven- 
tion  next  year,  bat  the  gronnd  has  been  so  thoronghlj  covered 
by  the  remarks  of  Mr.  Corthell  and  our  Secretary  and  President  and 
others,  that  I  will  only  say  that  I  would  like  again  to  impress  upon 
you  the  importance  of  attendance  at  that  meeting — the  Annnal  Ck)n- 
vention  at  London,  during  the  first  week  in  July.  The  time,  place 
and  circumstances  surrounding  that  meeting  will  be  such  that  every 
person  connected  with  the  Society  should  carefully  consider  the  ques- 
tion of  his  personal  attendance. 

The  importance  of  this  meeting  to  the  Society  itself  and  the  indi- 
vidual members  thereof,  I  feel  is  so  g^eat  that  no  one  who  can  consist- 
ently and  properly  arrange  his  business  affairs  so  as  to  admit  of  his 
attendance  should  fail  to  do  so.  This  will  be  an  occasion  upon  which 
the  most  important  engineering  organization  of  the  new  world  will  meet 
in  the  House  of,  and  be  the  guests  of,  the  most  important  engineering 
organization  in  the  old  world;  an  occasion  upon  which  engineers  of 
the  two  hemispheres  will  have  an  opportunity  to  meet,  grasp  each 
other  by  the  hand,  look  each  other  in  the  eye,  exchange  views  and 
ideas,  and  form  personal  acquaintanceships,  the  beneficial  effects  of 
which  cannot  be  estimated. 

With  these  few  words  I  desire  to  remind  you  that  economy  is  one  of 
the  fundamentals  of  our  profession,  and  in  striving  for  the  highest 
economy  we  should,  of  course,  avoid  all  unnecessary  or  uncalled  for 
expenditure  of  time  or  energy.  Following  out  this  principle  I  must 
therefore  ask  you  to  excuse  me  from  any  further  remarks  at  this  time, 
as,  while  our  Constitution  specifically  provides  that  the  President  of 
the  Society  shall  formally  address  the  members  at  the  Annual  Conven- 
tion, it  does  not  require  any  speech  from  the  newly  elected  President 
on  this  occasion.  The  wisdom  of  this  I  have  never  so  thoroughly  ap- 
preciated as  at  this  moment.  I  again  thank  you,  gentlemen,  for  the 
confidence  you  have  reposed  in  me.     (Applause.) 

President  Wallace  then  took  the  chair. 

The  Pbbsidemt. — I  wish  to  announce,  gentlemen,  that  it  has  always 
been  the  habit  of  engineers  to  work  before  they  eat,  and  I,  therefore, 
call  the  attention  of  the  Board  of  Direction  to  the  fact  that  we  will 
have  our  meeting  immediately  after  the  adjournment  and  before  lunch, 
in  the  Secretary's  office  on  the  first  floor. 

Mr.  FrrzGsBAU). — ^Mr.  President,  if  you  will  allow  a  suggestion.  If 
we  have  any  time  before  we  proceed  with  the  important  function  of  eat- 
ing, I  might  suggest  that  we  continue  the  discussion  of  the  matter  of 
the  Convention,  if  the  meeting  feels  so  inclined  and  if  the  lunch  is  not 
ready.     . 

The  Seokbtaby. — Mr.  President,  it  is,  of  course,  for  the  meeting  to 
decide  this  question;  but  at  three  o'clock  in  this  room  there  will  be  a 
lantern-slide  exhibition.     I  think,  perhaps,  I  might  call  attention  to 
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the  fact  that  nsuallj,  in  the  day  time,  we  do  not  have  to  use  these 
electric  side-lights,  but  it  has  been  necessary  to  shut  out  the  daylight 
from  the  side  windows,  and  it  was  a  little  dark  this  morning,  so  we 
turned  on  the  side  lights.  But  to  transform  this  room  into  a  dark- 
room is  quite  a  trick,  and  as  much  has  still  to  be  done  the  Secretary 
would  be  glad  if  this  meeting  would  adjourn  as  soon  as  possible. 
(Applause.) 

The  Pbesidemt. — ^What  is  your  pleasure,  gentlemen? 

Mr.  Foster  CROWBiiL.— 1  move  that  we  adjourn. 

The  motion  was  carried  and  the  meeting  adjourned. 

Wednesday,  January  17th,  1900. — The  meeting  was  called  to  order 
at  8  p.  M.  President  John  F.  Wallace  in  the  chair;  Charles  Warren 
Hunt,  Secretary;  and  present,  also,  about  450  members  and  guests, 
many  of  whom  were  ladies. 

William  Barclay  Parsons,  M.  Am.  Soo.  C.  K,  delivered  a  lecture, 
illustrated  by  the  stereopticon,  describing  a  survey  in  China  recently 
made  by  him,  and  giving  an  account  of  his  experiences,  and  of  life  as 
found  on  a  journey  of  1 100  miles,  600  of  which  were  through  the  un- 
explored province  of  Hunan,  the  most  anti- foreign  section  of  the 
Chinese  Empire. 

At  the  conclusion  of  the  lecture  a  vote  of  thanks  to  Mr.  Parsons 
was  passed  unanimously. 

Adjourned. 

Thursday,  January  i8th,  1900. — The  meeting  was  called  to  order  at 
8.30  p.  ic,  Past-President  Mendes  Cohen  in  the  chair;  Charles  Warren 
Hunt,  Secretary;  and  present,  also,  188  members  and  22  guests. 

George  B.  Francis,  M.  Am.  Soc.  C.  E.,  presented  a  paper  entitled, 
"  The  South  Terminal  Station,  Boston,  Mass.*'  The  paper  was  illus- 
trated with  the  stereopticon. 

Owing  to  the  lateness  of  the  hour,  written  discussions  from  Messrs. 
J.  R.  Worcester  and  Herman  Conrow  were  not  read. 

Adjourned. 
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EXCURSIONS  AND  ENTERTAINMENTS  AT  THE  FORTY- 
SEVENTH  ANNUAL  MEETING. 

Wednesday,  January  17th,  1900.— After  the  business  meeting 
lunch  was  served  at  1.80  p.  m.  in  the  Lonnging  Boom,  and  at  3  p.  m.  a 
large  andienoe  assembled  to  hear  Mr.  Parsons'  lecture  on  China. 

At  9  p.  M.  a  Beception'  was  held  in  the  Society  House,  and  was 
largely  attended. 

Thursday,  January  i8th,  1900.— At  10.30  a.  m.  the  steamer  VaBey 
Girl,  with  about  300  members  and  guests,  including  many  ladies,  left 
the  pier  of  the  Department  of  Docks,  at  the  foot  of  West  Fifty-seyenih 
Street,  for  an  excursion  around  Manhattan  Island.  The  steamer 
proceeded  up  the  North  Biver  to  Spuyten  Duyvil  Creek,  where  the 
new  double-track  drawbridge  of  the  New  York  Central  and  Hudson 
Biver  Bailroad  is  being  constructed.  Through  the. kindness  of  W.  J. 
Wilgus,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  N.  Y.  C.  &  H.B.  R  R, 
a  set  of  drawings  of  the  bridge  was  placed  on  view  on  the  steamer, 
and  leaflets,  descriptive  of  the  bridge,  were  distributed. 

Passing  through  Spuyten  Duyvil  Creek  and  the  Harlem  Ship  Canal 
to  the  Harlem  Biver,  the  first  stop  was  made  at  Two  Hundred  and 
Eighteenth  Street.  Here  the  foundation  of  the  new  power  station  for 
the  Third  Avenue  Bailroad  Company  was  inspected. 

Besuming  the  trip  down  the  Harlem  Biver,  the  new  "  Speedway," 
the  Washington  Bridge,  High  Bridge  and  the  numerous  drawbridges 
spanning  the  river  were  viewed  from  the  deck  of  the  steamer.  Lunch 
was  served  en  route,  and  the  steamer  passed  down  the  Harlem  and  into 
the  East  Biver. 

By  the  courtesy  of  H.  H.  Vreeland,  Esq.,  President,  and  M.  G. 
Starrett,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Metropolitan  Street 
Bail  way  Company,  a  visit  was  made  to  the  company's  new  power 
station  at  the  foot  of  East  Ninety-sixth  Street. 

The  steamer  then  passed  down  the  East  Biver,  and,  after  making  a 
stop  at  the  Becreation  Pier,  at  the  foot  of  Twenty-fourth  Street,  to 
allow  some  of  the  excursionists  to  land,  proceeded  to  and  around  the 
Battery  and  up  the  North  Biver  to  Fifty-seventh  Street,  thus  complet- 
ing the  circuit  of  the  Island. 

At  8.30  p.  M.,  GcDrge  B.  Francis,  M.  Am.  Soc.  C.  E.,  presented  a 
paper,  entitled  **The  South  Terminal  Station,  Boston,  Mass."  The 
paper  was  illustrated  with  stereopticon  views. 

After  the  lecture  there  was  an  informal  **  Smoker,"  which  was 
enjoyed  by  about  200  members  and  guests. 

The  following  list  contains  the  names  of  350  members  of  various 
grades,  in  attendance  at  the  Annual  Meeting,  Lectures,  Excursion  and 
Beception.     The  list  is  probably  incomplete,  on  account  of  the  failure 
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of  a  nnzaber  of  members  to  register,  and  does  not  inclnde  the  names  of 
anj  of  the  guests  of  the  Society  or  of  individual  members. 


Aiken,  W.  A Harrisbnrg,  Pa. 

Allen,  Calvin  H. .  .New  York  City 
Ayorigg,  Wm.  A Omaha,  Neb. 

Bacon,  John  W.  .Danbury,  Conn. 

Bailey,  George  I Albany,  N.  Y. 

Baldwin,  Fred.  H..Bayonne,  N.  J. 
Baldwin,  Wm.  J. .  .New  York  City 
Ballon,  G.  L.  East  Berlin,  Conn. 
Bascome,  W.  R.. Brooklyn,  N.  Y. 

Baner,  J.  L New  York  City 

Banm,  George New  York  City 

Beahan,  Willard Easton,  Pa. 

Belknap,  W.  E . . . .  Brooklyn,  N.  Y. 
Belzner,  Theodore,  New  York  City 

Bensel,  J.  A New  York  City 

Berger,  Bemt New  York  City 

Bigelow,  W.  D. . .  .New  York  City 

Binion,  Joshua New  York  City 

Bissell,  H W.  Medford,  Mass. 

Blakeslee,  C. .  .New  Haven,  Conn. 
Boecklin,  Werner,  Jr. 

New  York  City 

Boiler,  A.  P New  York  CHty 

Bolton,  R.  P New  York  City 

Bonzano,  A Philadelphia,  Pa. 

Bouton,  G.  Harold.  Boonton,  N.  J. 

Bowman,  A.  L New  York  City 

Boyd,  James  C Boston,  Mass. 

Bradley,  C.  W Buffalo,  N.  Y. 

Braine,  L.  F Brooklyn,  N.  Y. 

Bramwell,  G.  W. .  .New  York  City 

Breuchaud,  J Yonkers,  N.  Y. 

Briggs,  Josiah  A.  .New  York  City 
Brinckerhoff,  H.  W .  New  York  City 

Brown,  T.  E New  York  City 

Buck,  L.  L New  York  City 

Buck,  R.  S New  York  City 

Bullock,  Wm.  D.Providence,  R.  I. 

Burdett,  F.  i Brooklyn,  N.Y. 

Bush,  Edward  W.Hartford,  Conn. 

Carll,  David  S . .  Washington,  D.  C. 


Carney,  Edward  J. New  York  City 

Carr,  Albert New  York  City 

Cartwright,  R. .  .Rochester,  N.  Y. 
Catt,  George  W. .  .New  York  City 
Cattell,  William  A.,  New  York  City 
Chambers,  R.  H. .  .New  York  City 

Chase,  F.  L Louisville,  Ey. 

Christian,  G.  L New  York  City 

Christy,  George  L .  New  York  City 

Clapp,  L.  R Hempstead,  N.Y. 

Clapp,  OtisF Providence,  R.  I. 

Clark,  George  H. .  .New  York  City 

Clarke,  T.  C New  York  City 

Coflfin,  Amory New  York  City 

Coffin,  T.  Amory.  .New  York  City 
Cogswell,  W.  B. . .  .Syracuse,  N.Y. 
Cohen,  Mendes  . .  Baltimore,  Md. 

Colby,  S.  K New  York  City 

Compton,  A.  G New  York  City 

Constable,  H New  York  City 

Cooley,  M.  W Baltimore,  Md. 

Cooper,  S.  L Yonkers,  N.  Y. 

Cooper,  Theodore.  .New  York  City 
Corby,  C.  E  ...  .New  York  City 
Cornell,  Gteorge  B.New  York  City 

Corthell,  A.  B Boston,  Mass. 

CortheU,  E.  L New  York  City 

Cotton,  J.  P Newport,  R.  I. 

Craven,  Alfred .  Kingsbridge.  N.  Y. 
Croes,  J.  James  R.New  York  City 

Crowell,  Foster New  York  City 

Cuddeback,  A.  W.  Paterson,  N.  J. 
Cudworth,  F.  G.  .Brooklyn,  N.  Y. 
Cummings,  Noah.  .New  York  City 
Curtis,  F.  S New  Haven,  Conn. 

Dalrymple,  F.  W. 

Hornellsville,  N.Y. 
Davis,  A.  L  .  .East  Berlin,  Conn. 

Davis,  Charles Allegheny,  Pa. 

Davis,  Robert  B Boston,  liEass. 

Dawley,  E.  P. .  .Providence,  R,  I. 
Dean,  Luther Taunton,  Mass. 
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Deans,  John  S.  .PhoBnixville,  Pa. 

Deyo,  S.  L.  F New  York  City 

Drake,  A.  B.  .New  Bedford,  Mass. 
Dunham,  H.  P. . .  .New  York  City 
Dnryea,  Edwin,  Jr. 

Brooklyn,  N.  Y. 

Edwards,  J.  H .  East  Berlin,  Conn. 
EDis,  John  W. .  Woonsocket,  R.  I. 
Erlandsen,  Oscar.  .New  York  City 
Eyans,  M.  E New  York  City 

Fanning,  J.  T .  Minneapolis*  Minn. 

Pamnm,  H.  H New  York  City 

Farrington,  H New  York  City 

Fisher,  Clark Trenton,  N.  J. 

Fisher,  Francis  D.  Com  wall,  Ont. 
Fisher,  Wager..  .Bryn  Mawr,  Pa. 

*    FitzGerald,  D Boston,  Mass. 

Fort,  E.  J Brooklyn,  N.  Y. 

Francis,  George  B.. Boston,  Mass. 
Francis,  H.  N . . .  Providence,  R.  I. 
Frank,  George  W .  New  York  City 

Frazee,  John  H New  York  City 

French,  A.  H Brookline,  Mass. 

French,  J.  B New  York  City 

Fritz,  John Bethlehem,  Pa. 

Frost,  George  H.  New  York  City 
Fuller,  George  W.New  York  City 

-Fuller,  W.  B Maiden,  Mass. 

Furber,  Wm.  C.Philadelphia,  Pa. 

Gkirtensteig,  C New  York  City 

Gatchell,  George  S. Buffalo,  N.  Y. 

Gay,  Martin New  York  City 

Gibbs,  George . .  Philadelphia,  Pa. 
Gifford,  George  E.  New  York  City 

Giles,  Robert New  York  City 

Goldmark,  Henry.  .Detroit,  Mich. 
Gould,  E.  Sherman .  Yonkers,  N.  Y. 

Go  wen,  C.  S Sing  Sing,  N.  Y. 

Graham,  C.  H  . .  .New  York  City. 
Granbery,  J.  H.  .Elizabeth,  N.  J. 

Grant,  T.  H Red  Bank,  N.  J. 

Graves,  Edwin  D.,  Hartford,  Conn. 


Gray,  William ....  New  York  City 
Green,  B.  R. .  .Washington,  D.  C. 
Greene,  Carleton..New  York  City 
Greene,  G.  S.,  Jr.  .New  York  City 

Greene,  J.  N Bangor,  Me. 

Gregory,  C.  E  ...  .New  York  City 

Gregory,  J.  H New  York  City 

Greiner,  J.  E Baltimore,  Md. 

Grimm,  C.  R Elmira,  N.  Y. 

Haight,  Stephen  S.New  York  City 
Hain^,  H.  S. ..  ..New  York  City 
Hankinson,  A.  W.,  New  York  City 
Hansel,  Charles  W.New  York  City 

Harby,  Isaac New  York  City 

Harris,  CM New  York  City 

Harrison,  E.  W.Jersey  City,  N.  J. 
Haskins,  W.  J.NewRochelle,N.Y. 
Hawks,  A.  McL . .  Taooma,  Wash. 

Hazen,  Allen New  York  City 

Hemming,  D.  W.  .New  York  City 
Henry,  Philip  W.  New  York  City 
Hering,  Rudolph. .  New  York  City 
Herschel,  Clemens,  New  York  City 
Hewitt,  Charles  E.Trenton,  N.  J. 
Hill,  Albert  B.,  New  Haven,  Conn. 
Hill,  George. ....  .New  York  City 

Hill,  W.  R New  York  City 

Himes,  Albert  J. . .  Oswego,  N.  Y. 
Hinds,  F.  A  ...Watertown,  N.  Y. 
Hoag,  S.  W.,  Jr. .  .New  York  City 

Hodgdon,  F.  W Boston,  Mass. 

Hodge,  Henry  W.  New  York  City 

Honness,  G.  G Paterson,  N.  J. 

Hood,  R.  H New  York  City 

Howe,  E.  W Boston,  Mass. 

Howe,  Horace  J.  ..New  York  City 
Hozie,  R.  L . . .  Washington,  D.  C. 
Hoyt,  John  T.  N.  .New  York  City 
Hoyt,  Wm.  E . . .  .Rochester,  N.  Y. 
Humphrey ,  R  L .  Philadelphia,  Pa. 

Hunt,  Chas.  W New  York  City 

Hunt,  Robert  W Chicago,  111. 

Hurtig,  J.  B New  York  City 

Hutton,  W.  R. . .  .New  York  City 
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Irving,  Walter  E.  .New  York  City 
Ives,  Arthur  S. .  .Brooklyn,  N.  Y. 

Johnston,  A.  L Bichmond,  Va. 

Johnston,  J.  P. .  .Brooklyn,  N.  Y, 
Jonson,  Ernst  F. .  .New  York  City 
Judson,  Wm.Pier8on.  Albany, N.Y. 
Just,  C^rge  A New  York  City 

Kahn,  J New  York  City 

Earner,  W.  J Chicago,  111. 

Eastl,  Aiez.  E Clinton,  Mass. 

Eatt^,  Walter 

Ardsley-on-Hudson,  N.  Y. 
Eeith,  H.  C. .  .New  Haven,  Conn. 
Eelley ,  William  D .  New  York  City 

Eelly,  Olaf  M New  York  City 

Enap,  J.  M New  York  City 

Eimball,  George  A.Boston,  Mass. 
Etdchling,  E Boohester,  N.  Y. 

La  Chicotte,  H.  A. New  York  City 
Lant,  Frank  P. . .  .New  York  City 
Leavitt,  C.  W.,  Jr., New  York  City 

Lee,  W.  B Hillburn,  N.  Y. 

Leffingwell,  F.  D..New  York  City 
Leonard,  H.  B.. Philadelphia,  Pa. 
Lesley,  B.  W.  ..Philadelphia,  Pa. 
lieutz^,  T.  McC. . .  .Albany,  N.  Y. 

Lewinson,  M New  York  City 

Lewis,  Nelson  P.  Brooklyn,  N.  Y. 
Loom  is,  Horace . . .  New  York  City 

Low,  Qeorge  E New  York  City 

Lowinson,  Oscar . .  New  York  City 
Lucius,  A New  York  City 

McComb,  D.  E.. Washington,  D.C. 
MacGregor,  B.  A.  New  York  City 
McKeever,  Wm. .  .New  York  City 
McKenzie,  T.  H.. Hartford,  Conn. 

McMinn,  T.  J New  York  City 

Magor,  H.  BasU.  ..New  York  City 

Manley,  Henry Boston,  Mass. 

Marburg,  E Philadelphia,  Pa. 

Marple,  William  M.Scranton,  Pa. 


Marstrand,  O.  J.  ..New  York  City 

Martin,  C.  C Brooklyn,  N.  Y. 

Martin,  K.  L New  York  City 

Martin,  Wisner  B .  New  York  City 
Mead,  Charles  A. .  .Newark,  N.  J. 

Meem,  J.  C Brooklyn,  N.  Y. 

Melius,  L.  L Albany,  N.  Y. 

Merryman,  W.  C.Brunswick,  Me. 
Meyer,  Henry  C.  ..New  York  City 
Miller,  Hiram  A. .  .Clinton,  Mass. 
Miller,  Budolph  P .  New  York  City 
Miller,  Spencer . . .  New  York  City 
Mixer,  C.  A  .Bumford  Falls,  Me. 
Moisseiff,  Leon  S.  .New  York  City 
Moore,  Charles  H.New  York  City 
Moore,  Wm.  H .New  Haven,  Conn. 
Mordecai,  Aug . . .  Cleveland,  Ohio 

Morse,  CM Buffalo,  N.  Y. 

Moulton,  Mace. Springfield,  Mass. 

Myers,  C.  H New  York  City 

Myers,  J.  H.,  Jr.  .Brooklyn,  N.  Y. 

Neumeyer,  B.  E . .  Bethlehem,  Pa. 
Nichols,  O.  F  . .  .Brooklyn,  N.  Y. 
North,  Edward  P.  .New  York  City 
Noska,  G.  A New  York  City 

Oestreich,  H.  L.,  Jr. 

New  York  City 
Odell,  F.  S. .  .Port  Chester,  N.  Y. 
Opdyke.  S.  B.,  Jr.Philadelphia,Pa. 
O'Bourke,  John  F.New  York  City 

Paine,  George  H . .  New  York  City 
Parker,  A.  McC  .New  York  City 
Parsons,  George  W.  Steelton,  Pa. 
Parsons,  W.  B. . . .  New  York  City 
Pegram,  George  H.New  York  City 

Peterson,  P.  A Montreal,  Que. 

Peverley ,  Balph. . .  New  York  City 
Pierce,  William  T.  .Boston,  Mass. 
Pitts,  Thomas  D.  .New  York  City 
Plympton,  G.  W.Brooklyn,  N.  Y. 

Polk,  Wm.  A New  York  City 

Porter,  J.  M Easton,  Pa. 
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Potter,  Alexander. New  York  City 
Pratt,  Mason  D. . .  ^.Steelton,  Pa. 
Pratt,  Wm.  A. ..  Philadelphia,  Pa. 

Prince,  AD New  York  City 

Prout,  H.  G New  York  City 

Pruyn,  F.  L Brooklyn,  N.  Y. 

Qaincy,  C.  F Chicago,  HI. 

Reed,  W.  B New  York  City 

Beynder8»  J.  V.  W .  Harri8burg,Pa. 
Bichardson,  T.  F.  .Clinton,  Mass. 
Bicketts,  Palmer  C. .  .Troy,  N.  Y. 
Bidgway ,  Bobert . .  New  York  City 

Boberts,  R  P New  York  City 

Boberts,  P Philadelphia,  Pa. 

Boberts,  William.  Walt  ham,  Mass. 
Bobinson,  H.  D. .  .New  York  City 
Bogge,  J.  C.  L. . .  .New  York  City 
Bood,  H.  M. . .  Mt.  Vernon,  N.  Y. 

Bosenberg,  F New  York  City 

Bo  well,  George  F.  New  York  City 
Bowland,  T.  F. . .  .New  York  City 
Busling,  G.  M .  Hackettstown,  N.  J. 
Byder,  E.  M.  T .New Haven,  Conn. 


Strachan,  Joseph .  Brooklyn^  N.  Y. 
Swain,  George  F . . .  Boston,  Mass. 

Tat  nail,  G Wilmington,  Del. 

Taylor,  Charles  F.  .Syracnse,  N.Y. 
Taylor,  Lucien  A.  ..Boston,  Mass. 

Theban,  J.  G New  York  City 

Thompson,  S.  C, ..New  York  City 
Thompson,  Sanford  E. 

Newton  Higlands,  Mass. 
Thomson,  G.  H. .  .New  York  City 
Thomson,  John . .  .New  York  City 
Thomson,  T.  K. . .  .New  York  City 
Tillson,  G.  W. . .  .Brooklyn,  N.'  Y. 
Tingley,  G.  C ...  Providence,  R  I. 

Tinkham,  S.  E. Boston,  Mass. 

Tompkins,  E.  De  V.  New  York  City 
Towne,  J.  M. .  East  Orange,  N.  J. 
Travell,  Warren  B.  .Orange,  N.  J. 

Tribus,  L.  L New  York  City 

Trotter,  Alfred  W. .  New  York  City 
Trout,  Charles  E. New  York  City 
Turner,  D.  L. .  .Cambridge,  Mass. 

Turner,  E.  K Boston,  Mass. 

Tuska,  G.  B New  York  City 


Schneider,  A New  York  City 

Schneider,  C.  C Pencoyd,  Pa. 

Sherrerd,  M.  B Newark,  N.  J. 

Simpson,  G.  F New  York  City 

Skinner,  Frank  W. ,  New  York  City 

Sloan,  B.  I New  York  City 

Smith,  E.  F Philadelphia,  Pa. 

Smith,  J.  Waldo.  .Paterson,  N.  J. 
Smith,  Merritt  H.  .New  York  City 
Smith,  Oberlin . .  Bridgeton,  N.  J. 

Snow,  J.  P Boston,  Mass. 

Spencer,  W.  T . . . .  Guilford,  Conn. 
Spilsbury,  E.  G. .  .Trenton,  N.  J. 
Staniford,  C.  W.. Brooklyn,  N.  Y. 

Steams,  F.  P Boston,  Mass. 

Stevens,  Alexander. NewYork  City 

Stem,  E.  W New  York  City 

Stewart,  John  H.  .New  York  City 
Stowe,  H.  C NewYork  City 


Ulrich,  Daniel New  York  City 

Upham,  Charles  CNew  York  City 

Van  Buskirk,  C.  B.  New  York  City 
Van  Home,  J.  G.  .New  York  City 
Vickers,  T.  McE.. Syracuse,  N.  Y. 

Viel6,  M.  A Wyncote,  Pa. 

von  Leer,  I.  W New  York  City 

Vorce,  C.  B Hartford,  Conn. 

Wagner,  B.  M. . .  .Flatbush,  N.  Y. 
Wagner,  J.  C. . .  Philadelphia,  Pa. 

Waite,  Guy  B New  York  City 

Walker,  Clement  I.. New  York  City 

Wallace,  John  F Chicago,  HI. 

Ward,  CD New  York  City 

Ware,  B.  W Plainfield,  N.  J. 

Waterhouse,  J New  York  City 

Watkins,  F.  W.White  Plains,  N.  Y. 
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Webster,  Albert  L..New  York  City 
Webster,  G.  S.  .Philadelphia,  Pa. 
Webster,  Wm.  R  Philadelphia,  Pa. 

Wegmann,  £ Eatonah,  N.  T. 

Weiskopf,  S.  C. . .  .New  York  City 
Wells,  Joseph  A.  ..New  York  City 

Wheeler,  H.  R New  York  City 

Whipple,  G.  C. .  .Brooklyn,  N.  Y. 

Whitney,  P.  O Boston,  Mass. 

Wiley,  William  H.,  New  York  City 
Wilkes,  J.  K.New  Rochelle,  N.  Y. 
Williams,  C.  G. .  .Brooklyn,  N.  Y. 


Williamson,  P.  S.  .New  York  City 
Wilson,  C.  W.  S.  ..New  York  City 
Wisner,  George  Y.  .Detroit,  Mioh. 

Wolfel,  Panl  L Pencoyd,  Pa. 

Wood,  Henry  B Boston,  Mass. 

Woods,  H.  D. West  Newton,  Mass. 

Worcester,  J.  B Boston,  Mass. 

Wortendyke,  N.  D. 

Jersey  City,  N.  J. 

York,  H.  W New  York  City 
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MINUTES  OP  MEBTINQS. 

OP  THE  SOCIETY. 

February  Ttii,  1900.— The  meeting  was  called  to  order  at  8.40  f.  m.  ; 
Samuel  Whinerj,  Director,  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary, and  present,  also,  71  members  and  10  visitors. 

The  minates  of  the  meeting  of  January  17th,  1900,  as  printed  in 
Proceedings  for  January.  1900,  were  approved. 

A  paper  by  William  B.  Landreth,  M.  Am.  Soc.  C.  E.,  entitled 
''The  Improvement  of  a  Portion  of  the  Jordan  Level  of  the  Erie 
Canal,"  was  presented  b^  the  author.  A  written  discussion  by  George 
W.  Bafter,  M.  Am.  Soc.  C.  £.,  was  read  by  the  Secretary,  and  the 
subject  was  discussed  orally  by  Messrs.  Edward  P.  North,  Allen 
Hazen,  James  Owen,  George  Hill,  J.  G.  Tait,  Samuel  Whinery  and  the 
author. 

Ballots  were  canvassed,  and  the  following  candidates  declared 
elected: 

As  MTgirmena- 

Edwa£d  James  Beabd,  Mansfield,  Ark. 
HiBAJC  Mabtin  Chittbnden,  Sioux  City,  la. 
CiiABENGE  Wai/teb  Hudbon,  PhcBuixville,  Pa. 
Fbakk  Henby  OiiMSTEAD,  Los  Augcles,  Cal. 
Chablbs  Jebemiah  Pabkeb,  Watertown,  N.  T. 
John  Henby  Qutnton,  Los  Angeles,  Cal. 

As  Associate  Mbmbebs. 

Thokab  Johnstone  Bottbne,  Tientsin,  North  China. 

Thomas  Bines  Bbyson,  Philadelphia,  Pa. 

Chables  Wobthington  Comstook,  Denver,  Colo. 

Bobebt  Dunoan  Coombs,  Jr.,  Harrisburg,  Pa. 

Mybon  Edwabd  Evans,  New  York  City. 

John  Chables  Lounsbuby  Fibh,  Palo  Alto,  Cal. 

Bankin  Johnson,  Durango,  Mexico. 

OscAB  LowiNSON,  Ncw  York  City. 

EwAU)  Sohmitt,  Washington,  D.  C. 

James  LyaiiL  Stuabt,  St.  Louis,  Mo. 

Henby  Vibb,  New  York  City. 

EiiMEB  Zabbell,  Chicago,  HI. 

The  Secretary  announced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  February  6th,  1900: 
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As  Associate. 
Geobge  Adam  Weber,  New  York  City. 

As  JUNIOBS. 

Mabius  Schoonmakeb  Dabbow,  Ithaca,  N.  Y. 
Edmund  Payton  Bamset,  New  York  City. 
Geoboe  Beed  Wadswobth,  Albany,  N.  Y. 

The  Secretary  annonBced  the  death  of  the  following  members: 
James  David  Moffet,  elected  Associate  Member,  November  4th,  1891; 
Member,  Febrnary  7th,  1894;  died  November  3d,  1899.  John  MacLeod, 
elected  Member,  July  10th,  1872;  died  January  2l8t,  1900. 

Adjonmed. 

February  aist,  1900.— The  meeting  was  called  to  order  at  8.40 
p.  M.,  Vice-President  Rudolph  Hering  in  the  chair;  Charles 'Warren 
Hunt,  Secretary,  and  present,  also,  97  members  and  8  visitors. 

A  paper  by  Charles  S.  Gowen,  M.  Am.  Soc.  C.  E.,  entitled,  **The 
Foundations  of  the  New  Croton  Dam,"  was  presented  by  the  anthor 
and  illustrated  with  lantern  sUdes. 

The  subject  was  discussed  by  E.  Sherman  Gould,  M.  Am.  Soc. 
C.  E.,  and  a  written  discussion  by  George  W.  Bafter,  M.  Am.  Soc. 
C.  E.,  was  presented  by  the  Secretary. 

The  Secretary  announced  the  death  of  the  following  members: 
WiiiUAM  H.  H.  Benyaubd,  elected  Member  November  3d,  1875;  died 
February  7th,  1900.  Geoboe  H.  Nobman,  elected  Member  February 
17th,  1869;  died  Jb'ebruary  4th,  1900. 

Adjourned. 
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OF  THE  BOARD  OF  DIRBCTION. 

(Abstract.) 

January  i6th,  1900.  (Adjourned  meeting).— President  FitzGerald 
in  the  chair;  Charles  Warren  Hunt,  Secretary,  and  present,  also, 
Messrs.  BnchholB,  Clarke,  Haines,  Manley,  North,  Thomson  and 
Wisner. 

The  Secretary  presented  the  report  of  the  Committee  to  Recom- 
mend the  Award  of  Prizes.  * 

It  was  resolved  that  the  Norman  Medal,  the  Thomas  Fitch  Rowland 
Prize,  and  the  Collingwood  Prize,  be  awarded  in  accordance  with  the 
recommendations  of  the  Committee. 

A  report  of  the  Committee  appointed  to  report  to  the  Board  on  the 
Acoustics  of  the  Anditorinm  was  received,  f 

The  report  was  accepted,  and  the  Secretary  instmcted  to  present 
it  to  the  Society  at  the  Annual  Meeting. 

Adjourned. 

January  17th,  1900.— The  Board  met  at  12.45  p.  m.,  President  Wal- 
lace in  the  chair;  Charles  Warren  Hunt,  Secretary,  and  present,  also, 
Messrs.  Cartwright,  Clarke,  Deyo,  FitzQerald,  Hering,  Knap,  Maii- 
ley,  O'Bourke,  Bicketts,  Seaman,  Turner  and  Wisner. 

The  following  Standing  Committees  were  appointed: 

Finance  Committee:  Samuel  Whinery,  S.  L.  F.  Deyo,  Henry  Man- 
ley,  Robert  Cartwright,  Henry  B.  Seaman. 

Publication  Committee:  Rudolph  Hering,  Palmer  C.  Ricketts, 
John  P.  O'Rourke,  James  D.  Schuyler,  Alfred  Noble. 

Library  Committee:  John  A.  Bensel,  C.  W.  Buchholz,  John  Ken- 
nedy, Robert  Moore,  Chas.  Warren  Hunt. 

A  letter  ballot  was  ordered  for  the  election  of  a  Secretary  for  the 
ensuing  year. 

Adjourned  to  meet  on  February  6th,  1900. 

February  6th,  1900.— (Adjourned  meeting.) — Vice-President  Her- 
ing in  the  chair;  Charles  Warren  Hunt,  Secretary,  and  present,  also, 
Messrs.  Bensel,  Buchholz,  Clarke,  Deyo,  Knap,  0*Rourke,  Ramsey, 
Seaman,  Turner,  Whinery. 

Ballots  in  the  matter  of  the  election  of  a  Secretary  were  canvassed 
with  the  following  result:  twenty -six  ballots  in  all  were  received,  all  in 
favor  qf  Chas.  Warren  Hunt  for  Secretary. 

The  Chair  declared  Chas.  Warren  Hunt  elected  Secretary  of  the 
Society. 

Adjourned. 
tSeepa^84 
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February  6tfa»  ipoo. — The  Board  met  at  9  p.  J£.,  Yioe-President 
Hering  in  the  chair;  Ghas.  Warren  Hunt,  Secretary,  and  present,  also, 
Messrs.  Bensel,  Bnchholz,  Clarke,  Deyo,  Knap,  O'Bourke,  Bamsey, 
Seaman,  Turner  and  Wisner. 

Upon  a  report  receiyed  from  the  Finance  Oommittee  the  salaries  of 
officers  of  the  Society  were  fixed  for  the  year  and  an  appropriation 
made  for  the  payment  of  other  employees. 

The  Chairman  of  the  Finance  Committee  presented  informally  a 
diagram  showing  statistics  of  the  Society  from  1886  to  1899,  inclusive. 

It  was  resolved  that  this  diagram  be  published,  for  the  information 
of  members,  in  Proceedings, 

The  Committee  of  Arrangements  for  the  Annual  Convention  reported 
progress. 

Applications  were  considered  and  other  routine  business  transacted. 

One  candidstte  for  Associate  and  three  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

MEETINGS. 

Wednesday,  March  7th,  1900,  at  8.30  P.  M.,  a  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canyassed,  and 
a  paper  by  Charles  D.  Marx,  M.  Am.  Soc.  C.  E.,  Charles  B.  Wing, 
Assoc.  M.  Am.  Soc.  C.  £.,  and  Leander  M.  Hoskins,  C.  E.,  entitled 
"  Experiments  on  the  Flow  of  Water  in  the  Six-Foot  Steel  and  Wood 
Pipe  Line  of  the  Pioneer  Electric  Power  Company,  at  Ogden,  Utah, 
Second  Series,"  will  be  presented  for  discussion.  This  paper  is 
printed  in  this  number  of  Proceedings, 

Wednesday,  March  21st,  1900,  at  8.3o  P.  M.,  a  regular  meeting 
will  be  held,  at  which  a  paper  by  George  S.  Webster  and  Samuel 
Tobias  Wagner,  Members,  Am.  Soc.  C.  E.,  entitled  "History  of  the 
Pennsylvania  Avenue  Subway,  Philadelphia,  and  Sewer  Construction 
Connected  Therewith,"  will  be  presented  for  discussion.  This  paper 
is  printed  in  this  number  of  Proceedings, 
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STATISTICS  OF  THB  WORK  OF  THE  SOCIETY,  1886  TO  1899* 

The  diagram  on  the  opposite  page  was  prepared  for  the  purposes 
of  the  Finance  Committee,  and  was  brought  to  the  attention  of  the 
Board  of  Direction,  February  6th,  1900.  The  Board,  in  the  belief  that 
the  information  shown  thereon  would  be  of  much  interest  to  members, 
ordered  that  it  should  be  printed  in  Proceedings. 

The  following  explanatory  notes  are  thought  to  be  necessary  to  a 
full  understanding  of  the  diagpram: 

1.  The  curves  of  "Total  Current  Receipts  "  and  "  Total  Current 
Expenses  "  do  not  include  any  unusual  items.  Legacies,  donations, 
subscriptions  or  disbursements  for  special  objects  (such  as  the  Engi- 
neering Congress  in  1893),  cost  of  or  returns  from  the  "Historical 
Sketch  of  the  Society,"  receipts  or  payments  on  account  of  the  new  or 
old  Society  House,  etc. ,  etc. ,  are  excluded. 

2.  Owing  to  differences  in  methods  of  book-keeping,  it  has  been 
impossible  to  arrive  at  figures  which  represent  an  absolutely  correct 
comparison  between  years;  nevertheless,  the  differences  are  so  small  as 
not  to  be  in  any  way  material. 

3.  For  the  years  1886  to  1892,  inclusive,  all  of  the  salary  of  the 
Secretary  was  charged  to  "Salaries,"  or  "  Salary  of  Secretary,"  all 
other  salaries  being  distributed  to  the  various  accounts,  hence  the 
curves  showing  the  "  Gross  and  Net  Cost  of  Publications  "  for  these 
years  are  somewhat  lower  than  they  should  be. 

4  Between  1886  and  1894  the  publications  were  not  always  issued 
during  the  month  or  year  of  their  date,  and  for  the  "  Total  Pages  of 
Publications"  and  "Net  Cost  per  Page"  the  figures  used  are  the 
number  of  pages  issued  under  date  of  each  year. 

5.  It  should  also  be  noted  that  the  total  edition  of  publications 
increases  practically  in  the  same  ratio  as  the  total  membership,  the 
increase  in  the  latter  from  1886  to  1899  being  about  Vlb  per  cent.  This 
item  is  not  taken  into  account  in  the  curve  of  "  Net  Cost  of  Publica- 
tions per  Page. " 

6.  The  upward  tendency  of  all  the  Expense  Curves  for  1898  and 
1899  is  due  largely  to  the  extra  work  of  reclassifying  and  indexing  the 
Library.  It  should  also  be  mentioned  that  the  Society  House  has 
during  these  years  been  kept  open  daily  (except  Sunday)  for  13  hours 
instead  of  8  as  formerly,  and  that  this  materially  increases  the  expense 
for  attendance,  as  well  as  for  the  heating  and  lighting  of  the  much 
more  commodious  quarters. 
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Some  Statistics  of  the  work  of  the 

AncmCAN  SOCIETY  or  CIVIL  ENGINEERS 

from  1886  to  1800. 


PREPARED  UNDER  DIRECTION  OF  THE  FINANCE  COMMITTEE 
AND  PRINTED  BY  ORDER  OF  THE 

BOARD  OF  DIRECTION 

FEBRUARY   1900 


8  notes: 

g  euMRiNT  Rcccirrt  amo  cxknoiturcs  do  not 


EXTRAOROIMARY  ITEMS  OF  ANY  KlNO. 

PAOCS  or  PUBLICATIONS  ARC  THOSC  PXIBUSHIO  UNOCR 
THE  DATE  OF  EACH  YEAR. 

ista  WAS  THC  YEAR  OF  THE  inyernational  tuatavund 

OONORESS  AT  CHICAOO. 

NEW  SOCIETY  HOUSE  mOJECTCO 1SSS 

"       BUILOINO  SEGUN  PALL  OF !••• 

"  FINISHED  NOVEMBER  1SS7 

NEW  LIBRARY  CLASSIFlCATtON  AND  INDEX  STARTED  1SS8. 
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(33)  Memoirs  et  Compt  Rendu  des  Tra- 
vaux^  Soc.  lug.  Civ.  de  Fraaoe, 
Paria,  France. 

(33)  Le  Gtnie  OfviL  Paris,  Franee. 

(34)  Port^euiUe    I!eonomique   dea   Ma- 

ehinea^  Paris,  France. 

(35)  NouveUea  Annates  de  la  Construe- 

tion^  Paris,  France. 

(36)  La  Revue  Technique^  Paris,  France. 
^   Revue  de  Mecanique^  Paris,  France. 

Revue  Giniraie  des  Chemins  de  Fer 
et  des  Tramtoays^  Paris,  France. 
(39)  RaUway  Master  Mechanic,  Chicago, 

ni. 


\U] 


MOiNTHLY  UST  OF  RECENT  ENOINEBRINO  ARTICLES  OF 

INTEREST. 

(January  9th,  to  February  12th,  1900.) 
Note. — This  list  is  published  for  the  p  nrpose  of  placing  b^ore  the  members 
<>f  the  Social/  the  titles  cf  current  engineering  articles^  which  can  be  referred 
4o  in  any  available  engineering  library,  or  can  be  procured  by  addressing 
the  publication  dirediy,  the  address  and  price  being  given  wherever 
possible, 

LIST  OF  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre' 
fixed  to  each  journal  in  this  list, 

(I)  Journal,  Assoc.  Eng.  Soc:,  857  South 

Fourth  St.,  Philadelphia,  Pa.,  80c. 
(a)  Proceedings,  Eng.  CluSof  Phila.,  112S 

Girard  St.,  PhKeMlelphla,  Pa. 

(3)  Journal,  Franklin    inst.,    Philadel- 

phia, Fa..  60c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago,  Dl. 
is)  Transactions,  Can.  Soc.  C.  E.,  Mon- 
treal, Que.,  Can. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology   Quarterly,   Mass.    Inst 

Tech.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute.  Hoboken,  N.  J.,  60c. 

(9)  EiHiwtueHng  Mdgastne,  New  York 

<io)  Cassier^s  Magasine,  New  York  City. 

86c. 
(II)  i?no»n€ertna  Ojondon),  W.  H.  Wiley, 

New  York  City,  86c. 
(i>)  The  Engineer  (London),  International 

News  Co.,  New  York  City,  86c. 
<I3)  Engineering  News,  New  York  City, 

<I4)  The  Engineering  Record,  New  York 
City,  18c 

(18)  Railroad  Oaxette,  New  York  City, 
10c. 

<i6)  Engineering  and  Mining  Journal, 
New  York  aty,  16c. 

(17)  Street  Railway  Journal,  New  York 
City,a6c. 

<i8)  Railway  and  Engineering  Review, 
Chicago,  111. 

(10)  Scientilic  American  Supplement,  If  ew 
YorJc  City,  10c. 

<jo)  Iron  Age,  New  York  City,  10c. 

(a I)  Railway  Engineer,  London,  Eng- 
land. 

<aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England. 

(33)  BuUetin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Fa. 

<>4)  American  Oaslignt  Journal,  New 
York  City,  10c. 

<a5)  American  Engineer,  New  York  City, 
80c. 


(40)  Railway  Age,  Chi< 

(41)  — — •     - 


(43) 


(a6)  Electrical  Review,  London,  England. 

•(  J7)  Electrical  World  and  Electrical  En- 
gineer, New  York  City,  10c. 

<a8)  Industries  and  Iron,  liondon,  Eng- 
land. 

<a9)  Journal,  Society  of  Arts,  London, 
England. 

<30)  Annales  des  Travaux  P%U>lics  de 
Belgique,  Brussels,  Belgium. 

•(31)  AnfuUes  de  V  Assoc,  des  Ing.  Sortis 
des  Ecdle  Sptciales  de  Oand,  Brus- 
sels, Belgium. 


m.,  10c. 

_  .    Modem  Maehineryii(Mmm>,  m.„  10c. 

(4a)   T^ransactions,  Am.  Inst.'Blee.  Eng., 
New  York  City,  60c. 
Annales   des    Ponts   et    Ohauswies, 
Paris,  France. 

(44)  JoumcU,  Military  Service  Institu- 
tion, Oovemor's  Island,  New  York 
Harbor.  75c. 

(48)  Mines  and  Minentls,  Scranton,  Pa. 
80c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 

(48)  Zeitsdirift  des  Vereines  Deutaeher  In- 

genieure,  Berlin,  Qermany. 

(49)  Zeitschr^fftrBauwesen,'BerUn^QtT' 

many. 

(50)  Stahl  und  Eisen,  Duesseldorf,  Oer- 

many. 

(51)  Deutsche   Bauzeitung,    Berlin,    <3er 

many, 
(aa)  RigasOte    Industrie-Zeitung,    Riga, 

Russia. 
(83)  Zeitschrift  des  oesterreiehischen  Fn- 

genieur  und  Architekten   Vereines^ 

Vienna,  Austria. 
(54)  Den  Tekniske  Forenings   Tidsskrift^ 

Copenhagen,  Denmark. 

(85)  Ingenidren,  Copenhagen,  Denmark. 

(86)  Teknisk  Tidskrift.  Siiockhohn,   Swe- 

den. 
(57^  TekniskUgebkuL,  ChhstSBJ^VorwtL^. 
(58)  Proceedings,  ~        -^  -^       -  ^ 
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Penn  Ave.,  Pittsburg,  Fa.    60c. 
(89)  TranscKtions,  Mining    Institute    of 
Scotland,  London  and  Newcastle- 
upon-Tyne. 

(60)  Bridges  and  Framed  Structures,  888 

Dearborn  St.,  (Thicaffp,  Dl.,  SOc. 

(61)  Proceedings,  Western  Railway  Club. 

886  Dearborn  St.,  Chicago,  111.,  86c 
(6a)  American  Manufacturer  and  Iron 

World,  50  Ninth  St.,  Pittsburg,  Pa. 
(63)  Minutes  of  Proceedings^  Inst  C.  E., 

London,  England. 
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LI5T  OP  ARTICLES. 
Bridge. 

Long  Span  Bridges.    WilUam  H.  Burr,  M.  Am.  8oc.  C.  E.    (15)  Jan.  19. 
Economies  in  BaOway  Bridge  Design  and  Manufacture.    J.  GFraham.    (la)  Jan.  99. 
Some  Light  Highway  Suspension  Bridges.    (14)  Feb.  8.  .  «  ^ 

Ifachinery  inBridge  Erection.    Charies  Evan  Fowler,  M.  Am.  Soc.  C.  E.     (10)  Feb., 

1900. 
The  L^iigh  Valley  Bailroad  Bridge  at  Easton,  Pa.    ( 14)  Feb.  10. 
The  Zanesrille,  O.,  Timber  Howe  Truss  Y-Bridge  Built  in  1881-S.    (13)  Jan.  85. 
Design  of  a  176-Foot  Counter-Balanced  Plate  (Mrder  Swhig  Bridge.    A.  Beichmann.    (4) 

Ck>nstruction  of  a  175-Foot  Ck>unterbalanced  Plate  Girder  Swing  Bridge.    W.  A.  Bogers. 

(4)  Dec.,  1899. 
A  Contractor's  Transfer  Bridge.    (14)  Jan.  18. 

New  Bailway  Bridges  in  Paris,    (la)  Jan.  6.  „  «  .. 

Taleeoopic  Ihrawlwidge  over  the  River  Dee,  at  Queensferry,  England.    Thomas  Walter 

BarbOT.    (13)  Jan.  18. 
Erection  of  the  Atbara  Biver  Bridge.    (18)  Jan.  18;  (40)  Jan.  18. 
Hie  New  Colenso  and  Frere  Bridges.    (la)  Jan.  19. 
The  Frere  and  Tugela  Bridges.    (11)  Jan.  98. 
On  Hinged  Concrete  Bridges.    (ai)  Serial,  Jan.  8-10. 
The  Projected  Bridge  Across  Lille  Beit,  Denmark.    (55)  Dec.  80. 
Transport  de  Force  par  TElectricitd.    Ponts  Boulants  Electriques,  construits  par  la 

8oci6t6  International  d'£leclricit6  &  Liege  (Belgique).    (3,4)  Jan.,  1900. 
Etude  des  Mouvements  vibratoires  dans  les  Ponts  a  Poutres  Droites  &  une  Trav6e  et  dans 

lee  Ponts  Suspendus  &  Tablier  Continus  Simplement  Appuy6e  auz  Cul6es.    M.  Lebert. 

(43)  Third  trimestre. 

Electrical. 

Notes  on  Commutatorlees  Dynamo  Design.    H.  E.  Heath.    (37)  Feb.  10. 
Electrical  Supply  and  Alternator  Design.    Alton  D.  Adams.  Ja?)  Jan.  97. 


Parallel  Operatton  of  Direct  Coupled  Alternators.    W.  L.  B.  Emmet.    (37)  Jan.  90. 
The  Factors  which  Determine  the  Design  of  Monophase  and  Polyphase  Generators. 

B^  A.  Behrend.    (37)  Serial  beginning  Jan.  90,  ending  Feb.  8. 
Double  Current  Generators.    (37)  Jan.  27, 

ThreeWire  Distribution  from  One  Machine,    Edward  Bretch.    (37)  Jan.  18. 
The  Hysteretic  Qualities  of  Iron,  Viewed  from  the  Molecular  Magnet  Standpoint.    Dr. 

Samuel  Sheldon.    (37)  Feb.  10. 
Compensation  of  Line  Drop  In  Alternating  Current  Circuits.    E.  J.  Berg.    (37)  Jan.  18. 
A  Graphical  Treatment  of  the  Effect  of  Magnetic  Leakage  on  Transformer  Begulatlon. 

F.  G.  Baum.    (27)  Jan.  18. 
Stroboscopic  Methods  of  Determining  the  Bevolutions  and  Slip  of  Small  Motors  and 

the  Fi«quency  of  Alternating  Currents.    (a6)  Jan.  6. 
Notes  on  Maximum  Demand  Indicators.    Louis  J.  Steele.    (a6)  Jan.  6. 
The  Polyphase  Induction  Motor.    Balph  D.  Mershon.    (37)  Serial  beginning  Feb.  8, 

ending  Feb.  10. 
Alternating  Current  Power  Motors.    W.  A.  Layman.    (47)  Serial  beginning  Jan.  90, 

ending  Feb.  8. 
The  Applfcation  of  Niagara  Power  to  the  Work  of  the  International  Traction  Company. 


(17;  Feb.  8. 
eEoonon 


The  Economics  of  Long-Distance  Electric  Power  Transmission.    Alton  D.  Adams.    (13) 

Feb.  1. 

Niagara  Power  Substations  for  Buffalo  Electric  Bailway  Service,    (a?)  Jan- 18. 
Alternate-Current  Power  Transmissions.    C.  Du  Biche  Preiler.    ( 1 0  Jan.  19. 
Influence  of  Cheap  Fuels  on  the  Cost  of  Electrical  Energy.    B.  E.  Crompton.    (11)  Jan. 

Continuous  and  Multiphase  Power  Plants  for  Factory  Use.    (a6)  Jan.  98. 
Electrioal  Equipment  of  the  Berlin,  Germany,  Elevated  Bailway.    (ay)  Feb.  8. 
Electrical  Eqmpment  of  United  States  Government  Powder  Factories.    (1 1)  Jan.  96. 
The  Future  of  Electric  Illumination.    Jean  Wetmore.    (34)  Serial  beginning  Jan.  16, 

ending  Feb.  19. 
Belative  Candle-powers  of  Alternating  and  Direct-Current  Enclosed  Arc  Lamps.    (37) 

Jan.  18. 
Leicester  Corporation  Electricity  Works.    (a6)  Jan.  96. 
Plant  (rf  London  Metropolitan  Electric  Sup  *    " 
Electrical  Underground  Construction. 


lupply  Company,    (ay)  Feb.  8. 

George  B.  Springer.    (4)  Dec.,  1899. 

I.    (47)  Serial  beginning  Jan.  18,  ending  Jan.  90. 


Electrical  Time  Mrvice.    F.  Hope  Tones.    (47) 

-'-  I  by  Electricity.    Claude  H.  Smith.    ^8)  Jan.  6. 

I  of  Suppressing  Arcs  in  Switches,  Fuses,  Ete.     Ernest  Kilbum  Scott.     (47) 

Serial  beginning  Dec.  16,  ending  Jan.  6. 
Apparatus  for  Use  in  Experimental  Fused  Electrolytes.    Alec.  A.  Beadle.    (a6)  Serial 

beginning  Jan.  19,  ending  Jan.  98. 
Method  of  Testing  the  Besistance  of  Bail  Bonds.    (17)  Feb.  8. 
The  "  Bedford  "  Telephone  Exchange,  Brooklyn,    (ay)  Jan.  90. 
The  "  Central  Eneri^''  Multiple  Switehboard,  Independent  Telephone  Exchange,  Park- 

ersbnrg,  W.  Va.    (ay)  Jan.  97. 
The  Development  of  Wireless  Telegraphy.    Patrick  6,  X>elaney.    (9)  Feb.,  1900, 
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Electrical— (Continued) . 

Electric  Stations  with  Gas  Engines  as  Prime  Motors.    M.  Krone.    (48)  Jan.  IS. 
Electric  Water-Power  Station  In  Arboga.    (56)  Jan.  18.  ^       ^.      ,      «« 

Le  T6l6phone  k  Paris.    A.  Dennery.    (33)  serial  beginning  Jan.  20.  ending  Jan.  27. 

Marine. 

The  aCodern  Warship  as  Combining  in  Itself  the  Highest  Results  of  Skill,  Ingenuityand 

Scientific  Knowledge.     Rear  Admiral  George  W.  Melville,  Hon.  M.  Am.  Soc.  C.  E. 

(3)  Feb.,  1900.  ,  ,       . 

Electrical  InstaUatlons  on  Battieships.    J.  J.  Woodward,  U.  S.  N.    (11)  Jan.  5. 
Coaling  Vessels  at  Sea.    (1  a)  Jan.  19.  «      ^  ™      .  v  «,  ^ 

The  Problem  of  Coaling  Warships  at  Sea.    Spencer  MlUer,  M.  Am.  Soc.  C.  E.     (9)  Feb., 

1900. 
Steam  Pipes  Aboard  Ships,  Providing  for  Expansion.    A.  B.  Wlllits.    (10)  Feb.,  1900. 
The  Ore  Carrying  Fleet  of  1900.    Waldon  Fawcett.    (6a)  Feb.  1.        _^ 
Ice  Breakers  fii  Polar  Explorations.    Edwin  Swift  Balcb.    (3)  Feb.,  1900. 
The  Strength  of  Spars  and  Rigging  of  Sailing  Vessels,    (la)  Serial  beginning  Jan.  5, 

ending  Jan.  19. 
The  Eleci&ical  Machinery  of  the  New  Sea  Dock  at  Yminden.    {5$)  Jan.  19. 

Mechanical. 

Circulation  in  Steam  Boilers.    (13)  Jan.  20. 

The  Rating  of  Boilers  for  Heating  Purposes.    (14)  Jan,  27. 

Ripper's  Mean  Pressure  Indicator.    (11)  Jan.  aJ;  (i  a)  Jan.  26.  

Production  and  Utilization  of  Superheated  Steam.    R.  8.  Hale.    (9)  Feb.,  1900. 

The  Watson  Radial  Water  Tube  Boiler,    (ao)  Feb.  1. 

Marine  Mechanical  Stokers.    Christian  Larsen.    c6a)rJan.  26. 

Mechanical  Stokers,  SS.  Fennsylvania.    (la)  Jan.  26. 

Powdered  Coal  for  Steam  Boilers,    (aa)  Jan.  26. 

JHeasurement  of  Steam  and  Water    (47)  Serial  beginning  Jan.  27,  ending  Feb.  3. 

Combustion  and  Forced  Draft.    R.  B.  Hodgson.    (47)  Serial  beginning  Dec.  80,  ending 

Jan.  6. 
Influence  of  Cheap  Fuels  on  the  Cost  of  Power.    R.  E.  Crompton.    (aa)  Feb.  2. 
Mechanical  Devices  as  Applied  to  Firing  of  Steam  Boilers.    W.  E.  Snyder.    (58)  Dec., 

On  the  Determination  of  Volatile  Combustible  Matter  in  Coke  and  Anthracite  CoaL 

Richard  K.  Meade  and  James  C.  Attix.    ( a8 )  Serial  beginning  Jan.  12,  ending  J  an.  19. 
Table  Showing  the  Imbs  of  Pressure  in  Steam  Pipes.    A.  F.  Nagle.    (13)  Jan.  25. 
Friction  of  Steam  Packings.    Charles  Henry  Benjamin    (11)  Jan.  12. 
Steam  Consumption  of  an  Automatic  Engine  at  Exceptionally  High  Speeds.    W.  B. 

Rabisford  and  H.  W.  CroT^eU.    (85  Jan  ,  1900. 
Receiver  Drop  in  Multiple  Expansion  Engines.    Prof.  R.  L.  Wrighton.    (47)  Jan.  27. 
The  Influence  of  the  Inoicator  Diagram  on  the  Design  of  Valve  Gear.    ( la)  Jan.  19. 
Sulser  Triple-Expansion  Eng^es  for  the  Berlin  Municipal  Electric  Lighting  System. 

(13)  Jan.  26. 
TMts  of  Two  10  000  000-Gallon  Pumping  Engines.    John  A.  Laird.    (47)  Jan.  18. 
Central  Condensing  Plants  for  Iron  Wortcs.    (6a)  Serial  beginning  Dec.  14,  ending 

Jan.  11.       ^^ 
The  "  Abeille ''  Petroleum-Spirit  Motor  and  Carburettor.    (a8)  Jan.  6. 
Graphical  Method  of  Constructing  the  Entropy  Temperature  Diagram  of  a  Qas  or  Oil 

Engine.    Henry  J.  Eddy.    (47)  Jan.  18. 
An  Efficiency  Test  of  a  125-&orse-Power  Gas  Engine.    C.  H.  Robertson.    (11)  Jan.  26. 
The  Diesel  Oil  Engine.    (11)  Jan.  6:  (6a)  Feb.  8. 
Oil  Engines  and  Motor  (Jabs.    Anthony  G.  New.    (la)  Serial  beginning  Jan.  5,  ending 

Jan.  12. 
Blast  FumaceOas  Engines.    J.  D.  Lyon.    (6a)  Jan.  18. 
Pioneers  in  Using  Blast  Furnace  (3as.    (6a)  Jan.  26. 
A  Blowing  Engine  Operated  by  Blast  Furnace  Qaaes.    (16)  Feb.  10. 
Six  Hundred  Horse-Power  Blast  Furnace  Gas  Motor  and  Blowing  Engine.    (11)  Jan.  19. 
A  De  Brouwer  Coke  Conveyor  and  a  Carbureted  Water  Gas  Plant  at  the  Crystal  Palace 

Gas  Works.    (a4)  Feb.  12. 
The  Manufacture  of  Electric  AutomobOes.    (a?)  Jan.  18. 
American  Types  of  Automobiles.    (a7)  Jan.  27. 
European  T^pes  of  Electric  Automobiles.    (a7)  Feb.  10. 
English  Electrical  Vehicles.    (a8)  Jan.  26. 
The  Simpson-Bodman  Steam  Lorry.    (a8)  Jan.  19. 
Some  New  Motor  Vehicles.    (a8)  Jan.  12. 
The  Bardon  Motor  Cat.    (a8)  Jan.  26. 
Motor  Wheels  for  Vehicles.    (a6)  Jan.  26. 

Condensation  of  Steam  in  Blower  Systems  of  Heating.    (14)  Jan.  27;  (13)  Feb.  1. 
A  Novel  Type  of  Bucket  Pump  for  Mines,  Wells*  Boreholes,  etc.    (aa)  Feb.  2. 
The  Koster  Air  Compressor,    (aa)  Jan.  19. 
A  Neat  Design  of  Motor-Driven  Air  Compressor.    (47)  Jan.  27. 
Electric  Traveling  Cranes.    (11)  Jan.  5. 
One  Hundred  Ton  Shear  with  Adjustable  Boom.    (13)  Jan.  25. 

180-Ton  Electric  Crane  at  the  Imperial  Dock  In  Bremerhaven,  Germany.    (13)  Feb.  8. 
Compound  Road  Locomotives  for  the  War  Office.    (la)  Jan.  26. 
Some  Types  of  Friction  Clutches,    (aa)  Jan.  12. 
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Mechanical— (Coatlnued) . 

Making  Carborundum.    (6a)  Jan.  85 

The  Dellwik-Flelflcher  Water  Gas  Process.    ( 1 1 )  Jan.  88. 

The  Remoyal  of  Dust  from  Boiler  Booms.    Albert  A  Cary.    (13)  Feb.  8;  (14)  Feb.  8. 

Compression  and  liquefaction  of  Gases.    Arthur  L.  Bioe.    (47)  Serial  beginning  Jan. 

87,  ending  Feb.  8. 
Screw  Fans.    Charles  H.  Innes.    (11)  Jan.  18. 
The  Calculation  of  Disk  B'ans.    ( 14)  Jan.  87. 
Methods  of  Testing  Blowing  Fans.    (14)  Feb.  8;  (13)  Feb.  8. 
On  the  Practicaruse  of  Liquid  Air.    (48)  Jan.  90. 

The  Second  InternatioDal  Acetylin  Exhibition  in  Budapest,  1899.    (53)  Serial,  Jan.  18-8(&.. 
Uehlinfl'^8  Conveying  Machinery  for  Foundries.    Ed.  A.  Uehling.    (ao)  Jan.  1, 
The  Calcium  Carbide  and  Acetylin  Congress  in  NOmberg,  Oct.,  1899.    B.  Carlson.    (56) 

Dec.  28. 
Industrial  Plants  Operated  by  The  Waterfalls  at  Temi,  Italy.    F.  Wagner.    (54)  Deo. 
La  Pdtrole  en  Europe.    (36)  Jan.  10. 

Une  Machine  dl  Vapeur  G&ante  a  r  Exposition.    Andre  Mahoudeau.    (36)  Jan.  8B. 
Lee  Machines-outils.    G.  Bichard.    (37)  Dec.,  1899. 

Automotrlce  &  Vapeur  (Syst^me  Valentin  Purrey).    H.  Brosselin.    (38)  Jan.,  1900. 
Lea  Chaudidree  Aquatubulalres  dans  la  Ifarine  Americaine.   M.  Hachebert.  (33)  Jan.  18. 
JVIIIItary. 

Guns  of  Position  and  Siege  Guns  for  the  War.    ( 1  a)  Jan.  6. 
IWiaing. 

Safety  Pit  Props,    (la)  Jan.  IB. 

Iron  Ore  from  Mine  to  Furnace.    Waldon  Fawcett.    (16)  Jan.  80. 
A  New  Method  of  Measuring  Stopes.    Fred  T.  Greene.    (16)  Jan.  87. 
Sinking  through  Heavily  watered  Strata.    Bichard  Bobinson.    (aa)  Jan  19. 
The  Ocean  Coal  Company's  Deep  Navigation  Pits  at  Trehanis.    (aa)  Jan.  19. 
Blasting  with  High  Explosives.    Harold  Bonser.    (aa)  Jan.  86. 
The  Origin  and  n^^gress  of  Gold  Dredging  in  New  Zealand.    W.  H.  Cutten.    (9)  Feb., 

1900. 
The  Union  Copper  Mines,  Gold  Hill,  N.  C.    Dr.  A.  B.  Ledoux.    (16)  Feb.  10. 
The  Schuyler  Copper  Mines,  New  Jersev.    (16)  Feb.  8. 


Les  Nouvelles  Installations  de  la  CompagDie  de  Witkowitz  aux  Mines  de  Dombrau 


Notes  on  the  Aurex  Sluice.    (16)  Feb.  8. 
B  Nouvelles  Installations  de  la  CompagDlf 
(Autriche).    H.  Schmerber.    (33)  Jan.  80. 
Municipal. 

Failures  in  Asphalt  Pavements.    (a4)  Jan.  88. 
Brick  Paving  in  Iowa.    (14)  Feb.  8. 
Municipal  Tunnel  Driving  by  Day  Labor,  Chicago.    PaulX3.  Brown.    (14)  Feb.  8. 

Railroad. 

Momentum  Grades.    C.  Frank  Allen,  M.  Am.  Soc.  C.  E.    (15)  Jan.  18. 

The  Early  Bailways  of  Surrey.    ( la)  Serial  beginning  Jan.  fi,  ending  Jan.  19. 

Track  Elevation  in  Chicago.    ( 13 )  J  an.  1 1 . 

Locating  the  Center  of  Gravity  of  a  Locomotive.    (13)  Jan.  18. 

Canadian  Pacific  Locomotive  Counterbalancing.    (40)  Feb.  8. 

Cast  Steel  Driving  Wheels,    (as)  Feb..  1900. 

Locomotive  Tenders.    WiUiam  Forsyth,    (as)  Feb.^900. 

Improvements  in  Locomotive  Driver  Brakes.    (^5)  Feb^  1900. 

Some  Becent  Electric  Freii^ht  Locomotives.    Burcham  Harding.    (13)  Jan.  8S. 

Siege  Train  for  the  War.    (la)  Jan.  19. 

What  Does  it  Cost  to  Bun  Trains  at  High  Speed  ?    F.  A.  Delano.    (13)  Jan.  8B;  (18)  Jan, 

19. 
The  Laffas  Patent  Apparatus  for  Stopping  Trains,    (ai )  Feb.,  1900. 
Automatic  Block  Signal  System  in  LowelT    (17)  Feb.  8. 
Automatic  Block  Sigmaing.    Edward  C.  Carter,    (is)  Jan.  18. 
Ventilating  Passenger  Cars  on  the  Pennsylvania.    (15)  Feb.  9. 
Building  Large  Embankments  in  the  Boone  County  fiailway  (C.  &  N.  W.  By.  System). 

(13)  Feb.  8. 
The  Peoria  and  Pekin  Terminal  Bailway .    ( 13 )  Feb.  8. 
The  Extension  and  Alteration  of  the  Belfast  Terminus  of  the  Belfast  and  Northern 

Counties  Bailway.    (ai)  Feb.,  1900. 
Becent  Extensions  of  the  Bergen  County  Traction  Company,    (jj)  Feb.  8. 
New  Equipment  for  the  Bapld  Bailway  of  Detroit.    (17)  Feb.,  1900. 
A  Combination  Steam  and  Electric  Bailway  in  Illinois.    (17)  Feb.  8. 
The  Metropolitan  Bailway  in  Paris,    (la)  Jan.  96. 

Some  Causes  of  Excessive  Heating  in  Bearing  Metals.    Bobert  Job.    (as)  Feb.,  1900. 
Train  Besistance  due  to  Bail  Sanding.    ( i  a)  Jan.  96. 
Economic  Bailways  for  Country  Districts.    E.  E.  Bussell  Tratman,  A^soc.  M.  Am.  Soc. 

C.  E.    (13)  Feb.  1. 
British  Tramway  Development.    J.  Clifton  Bobinson.    (10)  Feb.,  1900. 
Facing  Points  and  Slip  Switches.    A  H.  Budd.    (13)   Jan.  11;  (18)  Jan.  18;  (40)  Jan. 

18. 
Bail  for  General  Boad  TraflElc.    (ss)  Jan.  6- 
The  Aerial  Overhead-Track  Ballroad  between  Barmen  and  Elberfeld.    (5i )  Dec.  88. 
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MlnMul-(Coiitiniied). 

My  Journey  on  the  Siberian  Ballroad.    N.  Poet    (53)  Serial,  Jan.  6-12. 

Lee  Tninsporis  Electriques  de  TExpositlon  de  1900.    Emile  Dieudonn6.    (36)  Jan.  SB. 

Le  Metropolitan  de  Benin  (Berliner  Stadt-und-Ringbahn).    Paul  Haag.    ks^)  Jan.,  1000. 

Lea  Transports  en  Commun  dans  Paris  et  sa  Banlieue.    Oliarles  Jean.    (33)  Jan.  18. 

Sanitary. 

Erection  of  a  Drainage  Plant,    (la)  Jan.  5. 

The  Purification  of  waste  Water  from  Factories.    (11)  Jan.  12. 

The  Sewerage  of  Edinburgh,  Scotland.    James  H.  Fuertee,  M.  Am.  80c.  C.  E.    (14)  Jan. 

18. 
Sewage  Disposal  at  Alliance,  Ohio.    (14)  Jan.  18. 
The  MOtt-MoncriefP  System  of  Sewage  DisposaL    (la)  Jan.  26. 
8ewa«e  Fntration  Through  CoaL    (14)  Feb.  8. 
New  Sewage  Farm  for  the  St.  Denis  ward  at  Montreal.    ( 13)  Jan.  25. 
The  Bacterial  Treatment  of  Sewage  at  Sutton,  England.    (14)  Jan.  27. 
Bacterial  Sewage  Disposal  at  East  Cleveland.    (14)  Feb.  10. 
Sewage  Disponil  at  Chichester,  England.    James  H.  Fuertes,  M.  Am.  Soc.  C.  E.    (14) 

Feb.  10. 
Garbage  Collection  and  Disposal  at  Moline.  111.    Edward  Eittilaen.    (13)  Feb.  8. 
The  UUllzation  of  Garbage  for  Fuel    (14)  Jan.  20. 
Refuse  and  Its  Calorific  Power.    Ed.  C.  de  Segundo.    (a6)  Jan.  12. 
The  Modified  Horsfall  Crematory.    (14)  Feb.  8. 

The  Barren  Island  Garbage  Reduction  works.  Greater  New  York.    (13)  Feb.  1. 
The  Public  Baths  of  Bilstoo,  Staffordshire,  England.    James  H.  Fuertes,  M.  Am.  Soc. 

C.  E.  (II)  Jan.  20. 
Structural. 

A  New  Extensometer.    William  A.  Kenerson.    (14)  Jan.  2B. 

Review  of  Experimental  Data  on  Impact  Tests  of  Material  in  Tension.    (13)  Feb.  1. 
Supports  for  Beams  hi  Tests  of  Transverse  Strength.    William  T.  Magruder.    (13)  Jan. 

11;  (8)  Feb.,  1900. 
Hie  Softening  of  Portland  Cement  Plaster.    (14)  Feb.  8. 
Tests  of  a  R<»lnforced  Concrete  Floor.    (i4L^ob.  8. 
Ck>ncrete  Dock  Construction  at  the  South  Works  of  the  Illinois  Steel  Company.     Victor 

Wlndett  (4 )  Dec.,  1889.  _ 

Tests  of  the  Constancy  and  Volume  of  Portland  Cement,    (14)  Serial  beginning  Jan.  20, 

ending  Jan.  27. 
The  Talbot  Ck>ntlnuou8  Open  Hearth  Steel  Process,    (ao)  Feb.  8. 
The  Japanese  Imperial  Steel  Works.    Emile  Schr(Sdter.    (aa)  Feb.  2. 
The  Manufacture  of  Structural  Steel  in  the  United  States.     F.  H.  Kindl.     (10)  Feb., 

1900. 
The  Color  Names  for  High  Temperatures.    Henry  M.  Howe.    (16)  Jan.  20. 
Iron  Manufacture  in  the  United  Slates.     John  Fritz,  Hon.  M.  Am.  Soc.  C.  E.    (11)  Serial 

beginning  Jan.  6,  ending  Jan  12. 
The  Design  of  Columns  for  Sheds  Exposed  to  Whid,  and  of  Concrete  Base  for  Columns. 


(13)  Jan.  1. 
eMo  ■" 


The  Mormon  Tabernacle,  Salt  Lake  City.    W.  P.  Hardesty.    Ua)  Jan.  27. 

The  Reconstruction  of  the  Manhattan  Bank  Building.    (14)  Feb.  8. 

The  Design  of  a  Modem  Apartment  House.    (14)  Jan.  20. 

A  LargeSteel  Grand  Stand.    (14)  Feb.  10. 

Street  Front  Reconstruction.    (14)  Feb.  10. 

The  Desipi  and  Ck>nstruction  of  a  Modem  Central  Lighting  Station.    H.  H.  Humphrey. 


(47)  §erlal  be;;innin|;  Dec.  80,  ending  Jan.  6;  (13)  Jan.J8. 
eNew 


The  New  Works  01  the  Harrisburg  Foundry  and  Machine  Works.    (14)  Jan.  27. 

The  New  United  States  Navy  Yard  Coaling  Station  at  New  London,  Conn,    (i^)  Jan.  1& 

The  Power  House  of  the  St.  Lawrence  Power  Company,  Massena.    (14)  Feb.  10. 

The  EiJamazoo  Valley  Electric  Compcuiy's  Plant.    (14)  Jan.  18. 

Municipal  Lighting  and  Sewerage  Plant,  Concord,  Mass.    (27)  Jan.  18. 

The  New  Street  Railroad  Power  Stations  in  New  York.    (15)  Jan.  12. 

The  Niagara  Falls  Hydraulic  Power  and  Manufacturing  Company's  Plant.    (14)  Jan.  20. 

Fire  Protection.    Francis  B.  Stevens.    (8)  Jan.,  1900. 

A  Belt  Conveyor  for  Foundation  Work.    ( 14)  Jan.  18. 

Underpinning  Shop  Walls.    (14)  Jan.  18. 

The  Durabili&7  of  Paint.    (24)  Jan.  29. 

Foundations  for  Metal  Tanks.    R.  J.  Mllbourae.    (24)  Jan.  22. 

A  Builder's  Electric  TravellngDerrick.    (14)  Feb.  10. 

The  Reconstruction  of  a  Dry  Dock.    (14)  Jan.  20. 

Hot  Air  Furnaces  for  Small  Schoolhouses.    (14)    Jan.  20. 

A  Hot  Air  Furnace  Heating  System.    William  0.  Ludlow.    (14)  Feb.  10. 

Ventilation  and  Heating  of  the  Rookwood  Pottery,  Cincinnati.    (14)  Jan.  18. 

Plumbing  in  the  Dun  Building,  New  York.    (14)  Jan.  20. 

MaQonneries  avec  Joints  Metalliques  C}oul6s.    M.  Tavemier.     (4.3)  Third  trimestre,  1890. 

LMrements  &  Boa  March^  de  la  Socl6t6  Anonyme  Remoise.    (35)  Jan..  1900. 

Nonce  sur  lee  Travaux  de  constmction  du  troisidme  Bassin  de  Badeub  de  Mississy.    M. 

GuUTart.    (43)  Third  trimestre,  1899. 
Topographical. 

Lister's  Inclinometer  Theodolite.    (11)  Jan.  12. 
The  Rectangular  System  of  United  States  Public  Land  Surveying.    C!harles  L.  Du  Bois. 

(7)  Dec.,  1899. 
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WotM*  Supply. 

Bxperimente  on  the  Flow  of  Water  Over  BeU-Mouthed  Pipes.    John  Barr.    (47)  Jan.  6. 

Oaone  as  a  Water  Purlfler.    (14)  Feb.  8. 

The  Beiatlve  Values  of  Ozone  and  Slow  Sand  Filtration  as  a  Means  of  Purif yinir  Water. 
Oa)  Feb.  8. 

The  Water  Purifloation  Plant  at  Albany,  N.  T.   (13).    Jan.  11. 

Silica  Standards  for  Determining  Turbidity.    (14)  Jan.  87. 

Silica  Standards  for  the  Determination  of  Turbidity  in  Water.  Qeorge  O.  Whipple, 
Daniel  D.  Jackson.    (7)  Dec.jl8W. 

On  the  Necessity  of  CultlTatlng  Water  Bacteria  in  an  ▲tmogphere  Saturated  with  Moist- 
ure.   George  O.  Whlppla    (7)  Dec.,  18W. 

A  Russian  Report  on  Mechanical  Filters.    (14)  Jan.  90. 

The  Melbourne  Water  Supply.    (11)  Jan.  fi. 

The  Water-Works  of  Portland,  England.    (14)  Jan.  18. 

Florence,  Oolo.,  Water-Works.    R.  P.  Oarrett.    (14)  Feb.  10. 

The  Use  of  WeUs  in  Washington,  D.  C.    (14)  Jan.  18. 

Water  Meters  of  the  Present  Day:  with  Special  Reference  to  Small  Flows  and  Waste  in 
Dribbles.    WiUiam  SchSnheyder.    (1  a)  Feb.  8. 

Standpipe  Failure  at  CoUingswood,  N.  J.    (14)  Jan.  90. 

Covered  Reservoirs.    W.  S.mdelds.    03)  Feb.  1. 

The  Wachusett  Reservoir.    (14)  Jan.  90. 


Outlet  Valves,  Burrator  Reservoir,  Plymouth,  England.    (14)  Feb.  10. 

A  Large  Crib  Dam,  Butte,  Mont.    (14)  Feb.  8. 

Exploration  for  Bedrock  at  Oila  River  Dam  Sites  with  Diamond  Core  Drills.    J.  B.  Lip- 

pinoott.    (13)  Jan.  18. 
Irrigation  in  Jeypore  State.    (14)  Jan.  18. 

The  Second  Water- Woite  of  Vienna.    Fr.  Borkowits.    (ss)  Jan.  86. 
Examples  of  Pumping  Engines.    H.  v.  Bavier.    (48)  Jan.  0. 
The  Water-Works  ofOieClty  of  Prenslau.    H  Scheven.    (48)  Jan.  18. 

Waterways. 

The  Lift  Lock  near  Henrichenburg,  Germany.    (14)  Jan.  18. 

Shore  Improvements  at  BlackpooL    (11)  Jan.  19. 

Discharge  :Measurement  of  the  Niagara  River  at  Buffalo,  N.  Y.    Clinton  B.  Stewart. 

(4)  Dec,  1800. 
Combined  Gas  Light  and  Bell  Buoy.    Robert  M.  Dixon.    (8)  Jan.,  lOOO. 
A  New  Type  of  Excavating  Machine.    S.  H.  Lea,  M.  Am.  Soc.  C.  E.    r  13)  Feb.  8. 
Concerning  the  Actual  Condition  of  the  Panama  Canal.    Charles  Paine,  M.  Am.  Soc.  C. 

£.    (o)  Feb.,  1000. 
The  Development  of  Gtorman  Canals  in  Latter  Years.    Fr.  Enblom.    («6)  Jan.  90. 
Navigation  interieure.    La  Traction  ElectriquesurlesCanaux.    Raoul  Dubreuil.    (36) 
.     Jan.  10. 
Etude  du  R6gime  de  la  Marde  dans  la  Manche.    L6on  Bourdelles.    (43)  Third  trimestre 

Transformation  du  Canal  Lateral  k  la  Loire   E.  Rouyer.    (33)  Jan.  18. 
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UolesB  otherwise  spedfled,  books  in  this  list  hare  been  donated  to  the  Library 
by  the  Publishfir. 


HANDBOOK  OP  TESTING  MATERIALS.    FOR  THE  CONSTRUCTOR. 

Part  I,  Methods,  Machines  and  Anxiliary  Apparatus.  Vol.  I, 
Text;  Vol.  II,  Ulastrations.  By  Professor  Adolf  Martens,  Director  of 
the  Boyal  Testing  Laboratories  at  Berlin  and  at  Charlottenbnrg. 
Authorized  Translation  and  Additions.  By  Qns  C.  Henning.  Cloth, 
9  X  6  ins.,  2  yols.,  illustrated.  New  York,  1899.  John  Wiley  &  Sons. 
•7.60. 

The  author  states  In  the  Preface  that  his  book  '*  Is  designed  to  be  a  counsellor  to  the 
constructor  In  all  Questions  relating  to  theproperties  of  hu  materials  of  construction/' 
His  work  is  divided  into  two  volumes.  This  one  relates  to  the  general  properties  of 
materials  of  construction^  and  especially  to  the  art  and  science  of  testing  materials  as 
applied  to  machinery  and  superstructure.  There  Is  added  a  presentation  and  discussion 
of  the  most  important  types  of  testing  machines  and  auxiliary  apparatus.  There  is  an 
index  of  thirteen  images. 

THE  COST  OP  UVINO 

As  Modified  by  Sanitary  Science.     By  Ellen  H.   Bichards.    Cloth, 


J5y  JfiJ 
WUey 


8x5  ins.,  121  pp.     New  York,  John  WUey  &  Sons,  1899.     »1.00. 

The  headings  of  chapters  are:  Standards  of  Living;  The  Service  of  Sanitary  Science 
in  Increasing  Iroductive  Life;  Household  Expenditure;  Rent  or  Value  and  (•'umlshlngs; 
Operating  Expenses;  Fuel,  Light,  Wages;  Food;  Clothing  in  Relation  to  Health;  The 
Emotional  and  Intellectual  Life;  The  Organization  of  the  Household. 

WATER-SUPPLY  BNOINBERINO. 

The  Designing,  Construction  and  Maintenance  of  Water-Supply 
Systems,  Both  City  and  Irrigation.  By  A.  Prescott  Folwell,  M.  Am. 
Soc.  C.  E.  Cloth,  9x6  ins.,  562  pp.,  illus.  New  York,  John  Wiley 
&  Sons,  1900.     «4.00. 

The  ground  covered  by  this  volume  Is  indicated  by  the  contents,  as  follows:  Part  I, 
DesigniDg:  Requisites  of  a  Supply,  Quality;  Quantity:  Sources  of  Supply;  Rainfall; 
Surface-water;  Rivers  and  Lakes;  Qround-water;  Gravity  Systems,  Pumping  Systems; 
Hydraulics;  Dams  and  Embankments;  Purification  of  water;  Pumping  and:  Pumping 
Engines:  Designing.  Part  U.  Construction:  Supervision  and  Measurement  of  "Work; 
Practical  Ck>n8truction.  Part  III.  Maintenance:  Reservoirs,  Head-Works  and  Intakes; 
Pumping  Plants  and  Filters;  Pipes  and  Ck>ndult8;  Clerical  and  Commercial.  There  is 
an  index  of  fifteen  pages. 

THE  MANUAL  OP  AMERICAN  WATER-WORKS,  1897- 

Compiled  from  Special  Betums ;  Containing  the  History  and  Descrip- 
tion of  the  Source  and  Mode  of  Supply,  Pumps,  Beseryoirs,  Stand- 
Pipes,  Distribution  Systems,  Pressures,  Consumption,  Bevenue  and 
Expenses,  Cost,  Debt  and  Sinking  Fund,  etc.,  of  the  Water- Works  of 
the  United  States  and  Canada;  With  Summaries  for  each  State  and 
Group  of  States.  Edited  hj  M.  N.  Baker,  Associate  Editor  of  Engi- 
neering News.  Cloth,  9x6  ms. ,  611  pp.  The  Engineering  News  Pub- 
lishing Co.    New  York,  1897.     »3.00. 

.  This  Is  the  fourth  issue  of  this  work  and  contains  descriptionB  of  all  water-works 
completed,  under  construction,  or  prelected  in  the  United  States  and  Canada,  up  to  the 
close  of  1896.  I^book  contains  a  tabulated  statement  of  the  water  rates  charged  in 
over  1  960  cities  and  towns. 
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Secretary  and  Disbursing  Officer,  Missouri  Biver  Commis- 
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NoTK.'-This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


EXPERIMENTS  ON  THE  FLOW  OF  WATER  IN  THE 

SIX-FOOT  STEEL  AND  WOOD   PIPE   LINE 

OF  THE  PIONEER  ELECTRIC  POWER 

COMPANY.  AT  OGDEN,  UTAH. 

SECOND   SERIES. 


By  Ghaslbs  D.  Mabx,  M.  Am.  Soc.  C.  £.,  Chablbs  B.  Wing,  Assoc.  M. 
Am.  Soc.  C.  E.,  and  Leamdeb  M.  Hoskins,  G.  £. 

To  BE  Pbbsented  Mabch  7th,  1900. 


I. — Object  and  Methods. 
General  Plan. 
The  following  experiments  made  in  June  and  July,  1899,  are  sup- 
plementary to  those  made  by  the  anthors  in  August,  1897,  and  described 
in  a  previous  paper.*  The  main  object  was  the  same  as  before;  to 
determine  the  relation  between  the  mean  velocity  of  flow  in  the  pipe 
and  the  loss  of  head  between  certain  definite  points.  The  methods 
used,  being  in  general  the  same  as  in  the  former  work,  need  not  be 
described  fully  here;  it  will  suffice  to  indicate  the  points  of  difference 
in  the  apparatus  used,  and  in  the  methods  of  making  and  reducing  the 
observations. 


Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion, 
-..respondenoe  is  invited,  from  those  who  cannot  be  present  at  the  meeting, and  may  be 
sent  by  mail  to  the  Secretary.    Discussion,  either  oral  or  written,  will  be  i>ubUshed  in  a 


subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  In  Transaciions. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  xl,  p.  471. 
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The  experiments  of  1897  upon  the  steel  pipe  utilized  a  length  of 
about  4  400  ft.*  In  the  wood  pipe  experiments  a  length  of  2  710  ft. 
was  used.  The  long  section  of  wood  pipe  above  Tunnel  No.  7t  was 
not  used  because  the  oyerflow  at  that  point  prevented  securing  static 
conditions  in  the  pipe  above.}  When  the  present  series  of  observations 
was  made,  it  was  found  possible  to  stop  the  overflow  bj  adjusting 
flash  boards  properly  at  the  relief  shaft  and  at  the  dam.  Measure- 
ments of  the  loss  of  head  in  a  length  of  about  22  700  ft.  of  the  wood 
pipe  above  Tunnel  No.  7  were  therefore  made.  In  addition,  a  limited 
number  of  experiments  was  made  upon  the  portion  of  wood  pipe  used 
in  1897,  as  well  as  a  new  series  upon  the  steel  pipe.  A  velocity  of  flow, 
materially  higher  than  in  the  preceding  series,  was  secured. 

Pressure  Measurements. 

Six  pressure  stations,  located  at  the  ends  of  the  three  portions  of 
pipe  above  mentioned,  were  occupied.  For  convenience  of  reference, 
these  stations  have  been  designated  by  the  numbers  1,  2,  3,  4,  5  and  6, 
beginning  at  the  lower  end  of  the  steel  pipe.  Mercury  gauges  were 
used  at  all  stations  except  No.  6,  at  the  upper  end  of  the  long  section 
of  wood  pipe.  At  this  point  the  pressure  was  so  small  that  a  water 
piezometer  was  used. 

At  Stations  Nos.  4  and  5  were  placed  the  gauges  used  in  1897,  and 
their  description  need  not  be  repeated  here.  The  only  change  made 
in  these  gauges  was  the  attachment  of  flxed  scales  for  the  purpose  of 
reading  the  position  of  the  mercury  in  the  reservoirs.  The  gauges 
used  at  Stations  Nos.  1,  2  and  3  were  open  manometers  similar  to  the 
others,  but  of  a  modified  design. 

In  the  former  experiments,  it  was  found  difficult  to  make  the  gauges 
absolutely  mercury -tight  under  the  high  pressure  existing  at  the  power- 
house, and  this  difficulty  was  carefully  guarded  against  in  planning  the 
new  series.  The  new  gauges  were  made  stronger  than  the  old,  and  were 
tested  at  the  highest  pressure  under  which  they  were  to  be  used. 
Means  were  also  provided  for  determining  fluctuations  in  the  level 

*  The  length  was  4  487  ft.  during  a  part  of  the  series,  and  4  867  ft.  during  the 
remainder. 

t  For  plan  and  profile,  showing  the  position  of  this  tunnel,  see  paper  by  Henry  Gk>ld- 
mark,  M.  Am.  Soc.  C.  E.,  Tranaactiona<t  Am.  Soc.  C.  E.,  VoL  zxxvlii,  p.  246. 

t  Static  readings  of  the  gauges  oould,  of  course,  be  dispensed  with  if  the  difference 
of  level  between  the  gauges  were  known  with  sufficient  exactness.  To  determine  this 
difference  with  the  requisite  accuracy  by  running  a  line  of  levels  would  have  involved 
such  an  amount  of  labor  and  time  as  to  put  this  method  out  of  the  question. 
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of  the  meroury  surface  in  the  manometer  reservoir,  so  that,  even  if 
leakage  of  mercury  ooctirred,  the  observation  of  the  height  of  the 
mercury  column  would  not  be  vitiated.  For  this  purpose  the  gauge 
was  provided  with  a  glass  tube  placed  vertically  at  the  side  of  the 
reservoir  and  communicating  with  it  at  top  and  bottom  (Fig.  1),  and 
by  the  side  of  this  tube  was  placed  a  fixed  scale.     The  position  of  the 


offlJN. 


Scale  of  lochea 

I i       k  ' — \ 


Fio.  1. 
top  of  the  mercury  in  this  tube  could  be  read  with  the  same  degree  of 
precision  as  that  of  the  top  of  the  mercury  column  in  the  open  tube 
The  scales  used  were  in  all  cases  graduated  to  hundredths  of  a  foot, 
and  the  third  decimal  place  was  estimated  in  taking  readings. 

As  in  the  previous  experiments,  the  long  mercury  column  at  Station 
No.  1  was  provided  with  a  water  jacket  carrying  running  water,  to  insure 
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a  uniform  temperature.     At  other  stationB  the  temperature  was  deter- 
mined by  thermometers  placed  beside  the  mercury  columns. 

The  specific  gravity  of  the  mercury  used,  in  terms  of  water  from 
the  pipe,  was  determined  for  the  authors  in  the  chemical  laboratory  of 
the  Ogden  Sugar  Company,  through  the  courtesy  of  the  Superintend- 
ent, Mr.  H.  T.  Dyer.     The  value  adopted  was  13.67.* 

The  pipe  leading  from  the  pressure  section  was  in  every  case  given 
a  continuous  upward  inclination  to  the  point  of  communication  with 
the  manometer  reservoir,  and  was 
provided  with  a  blow-off  cock  at 
the  highest  point,  for  the  purpose 
of  keeping  this  connecting  pipe  . 
free  from  air.  In  the  case  of  Mano- 
meter No.  1,  this  pipe  was  neces- 
sarily of  considerable  length,  but 
the  water  in  it  could  be  com- 
pletely changed  by  opening  the 
blow-off  for  a  few  seconds.  The 
vitiation  of  the  results  by  air 
would  require  a  sufficient  accu- 
mulation to  completely  fill  the  jr 
cross-section  of  the  pipe.  It  is 
reasonably  certain  that  no  such 
accumulation  occurred  in  any 
piezometer.  There  was,  in  fact, 
no  indication  at  any  time  that 
any.  important  amount  of  air  was 
carried  by  the  water. 

The  attachment  of  piezometers 
to  the  main  pipe  was  made  in  the 
same  way  as  in  the  former  series  of  observations,!  except  in  the  case 
of  the  water  piezometer  at  Station  No.  6.  At  this  section  the  pipe  was 
tapped  at  five  points.  A,  B,  C,  i),  ^(Fig.  2).     Two  vertical  glass  tubes 

♦  This  value  is  believed  to  be  reliable  to  within  one-twentieth  of  1  per  cent.  In  reducing 
the  former  series  of  experiments,  a  value  of  18.6  was  used,  the  authors  believing  them- 
selves to  be  Justified  in  assumlnsr,  without  an  experimental  determination,  that  this 
value  was  correct  to  the  degree  of  accuracy  demanded  by  the  nature  of  the  exx>eriment8. 
The  difference  between  18.57  and  18.6  would  mean  a  difference  of  less  thism  one-fourth  of 
IV  in  the  values  found  for  the  loss  of  head.  The  authors  have  yet  to  learn  of  any  experi- 
ments on  flow  in  large  pipes  which  can  claim  such  a  degree  of  accuracy  as  ^hia  figure 
represents,  and  do  not  claim  such  accuracy  for  their  own  experiments. 

t  Trantaction^  Am.  Soo.  0.  E.,  Vol.  xl,  p.  47R. 
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Xand  Fwere  used,  the  former  communicating  vith  the  pipe  at  the 
single  point  A,  the  latter  arranged  to  cbmmnnicate  with  any  one  or  more 
of  the  tubes  running  to  B,  G,  2),  E.  The  object  of  this  arrangement 
-was  to  test  whether  the  indication  of  the  piezometer  was  affected  by 
the  position  of  the  point  of  attachment.  For  this  purpose,  simul- 
taneous readings  were  taken  of  the  water  columns  Xand  F,  the  latter 
being  in  communication  with  the  pipe  at  any  one,  or  any  combination , 
of  the  points  B,  C,  B,  E,  The  results  showed  a  small  difference 
between  the  reading  of  Xand  F,  the  former  being  in  all  cases  a  little 
the  higher.  The  oscillations  of  the  two  columns  (which  were  some- 
what rapid  and  not  simultaneous)  prevented  a  precise  determination 
of  the  amount  of  this  difference  and  of  its  variation  with  the  velocity 
of  flow.  The  best  observations  showed  a  difference  of  0.02  ft.  with 
a  velocity  of  4.7  ft.  per  second.  No  change  in  the  reading  Fappeared 
to  be  produced  by  changing  the  combination  of  points  of  communis 
cation  with  the  pipe.  It  would  seem,  therefore,  that  the  difference  in 
the  readings  of  X  and  Fwas  due  to  some  accidental  circumference 
affecting  the  connection  at  A.  The  reading  Y  was  used  in  all  cases  in 
the  observations  for  determining  loss  of  head  in  the  pipe. 

Measurement  of  Bate  of  Discharge. 
The  rate  of  discharge  was  determined  as  before,  by  attaching  dif- 
ference-gauges to  the  two  Yenturi  meters.  The  two  difference-gauges 
were  placed  side  by  side,  so  that  both  could  be  read  by  a  single 
observer  (Fig.  6,  Plate  XY.).  The  connecting  pipes  were  laid  on  a  con- 
tinuous up-grade  from  the  pressure  sections  to  the  gauges,  blow-off 
valves  being  placed  at  the  summits  to  insure  freedom  from  air. 

Loss  of  Head  in  Meters. 
The  difference-gauges  were  triple,  showing  pressure-differences  for 
three  sections:  upper  section  of  Yenturi,  throat  of  Yenturi,  and  full- 
sized  section  below  Yenturi.     The  pressure-difference  for  the  first  and 
third  sections  thus  showed  the  loss  of  head  between  those  points. 

Programme  of  Tests. 
In  carrying  out  the  observations,  it  was  necessary  to  secure  simul- 
taneous observations  of  the  rate  of  discharge  and  the  pressure  at  each 
of  the  points  between  which  the  loss  of  head  was  to  be  computed. 
For  this  purpose,  observers  stationed  at  the  several  gauges  in  use  took 
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readings  at  short  interyals  (generally  one  minnte  or  less),  thronghont 
a  period  previously  agreed  on.  Daring  each  period  it  was  aimed  to 
maintain  a  uniform  rate  of  discharge.  Because  of  fluctuations  in  the 
consumption  of  power  by  customers,  the  amount  of  water  used  by  the 
wheels  could  not  always  be  kept  as  constant  as  was  desired,  and  it  was 
necessary  in  most  cases  to  use  the  average  of  readings,  which  varied 
somewhat  during  the  interval  in  question.  An  interval  of  20  minutes 
was  adopted  as  the  standard  period  covered  by  an  <<  observation," 
and  in  most  cases  a  nearly  uniform  flow  was  maintained  during  four 
consecutive  20-minute  periods.  The  readings  obtained  during  each  20- 
minnte  period  were  averaged,  giving  one  ''observation;"  and,  when 
the  variation  in  the  flow  was  small  during  several  consecutive  observa- 
tions, these  were  combined  to  form  a  " group."  The  amount  of  differ- 
ence between  the  observations  of  any  group  may  be  seen  by  reference 
to  Table  No.  1,  to  be  explained  below.  At  the  beginning  of  each  20- 
minute  interval  the  blow-off  valves  were  opened  for  a  sufficient  time 
to  insure  freedom  from  air  in  the  gauges  and  in  the  connecting  pipes. 

Beduction  of  Observations. 

The  method  of  reducing  the  observations  was  somewhat  different 
from  that  used  before;*  the  difference,  is  however,  in  form  rather  than 
in  substance. 

(i.)  Reduction  (^Manometer  Reading  to  Equivalent  Water  Column, — 
Each  manometer  observation  was  reduced  to  an  equivalent  water-pie- 
zometer reading.  For  this  purpose  a  zero  or  datum  level  is  assumed 
for  each  gauge,  the  position  of  which  is  arbitrary,  but  which  it  is 
convenient  to  take  as  the  zero  of  the  lower  fixed  scale. 

The  data  furnished  by  a  manometer  observation  are  the  following: 
Height  of  top  of  mercury  column  above  zero  of  upper  scale;  height  of 
mercury  surface  in  reservoir  above  zero  of  lower  scale;  temperature 
of  mercury  column.  Each  of  these  quantities  is  found  by  averaging 
the  readings  taken  throughout  an  observation  period.  When  the 
pressure  was  very  unsteady,  the  readings  were  plotted  before  aver- 
aging; a  comparison  of  the  plotted  results  obtained  from  the  different 
gauges  being  of  assistance  in  the  selection  of  the  exact  readings  to  be 
used.  In  most  cases  the  readings  were  sufficiently  steady  to  make 
plotting  unnecessary. 


*  3Vatwach'on«,  Am.  8oc.  C.  E.,  vol.  xl.,  p.  4a). 
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The  vertical  distance  between  zeros  of  the  two  scales  is  a  known 
constant  for  each  gauge.  Adding  to  this  the  npper  reading  and 
subtracting  the  lower  reading,  the  result  is  the  actual  vertical  length 
of  the  mercury  column.  This  must  be  reduced  to  an  equivalent 
column  at  a  standard  temperature.  Strictly,  this  temperature  should 
be  that  of  the  water  in  the  portion  of  pipe  under  experiment;  practic- 
ally, it  makes  little  difference  what  temperature  is  selected  as  the 
standard,  except  that  variations  in  the  water  temperature  must  be 
taken  into  account,  if  of  sufficient  amount  to  affect  the  results  materi- 
ally. When  the  experiments  were  begun,  the  temperature  of  the  water 
was  in  the  neighborhood  of  10^  Gent.,  and  this  was  chosen  as  the 
standard.  The  reduction  to  this  standard  temperature  is  n^ade  by 
applying  the  factor  1  —  0.00018  (T-  10),  T  being  the  temperature 
of  the  mercury  column  in  degrees  Cent.,  and  0.00018  being  a  suffi- 
ciently exact  value  of  the  coefficient  of  expansion  of  mercury  within 
the  range  of  temperature  found  in  the  experiments. 

The  mercury  column  is  reduced  to  water  by  multiplying  by  the 
specific  gravity  of  mercury,  which,  as  previously  stated,  was  found  to 
be  13.57.  To  the  height  of  water,  thus  computed,  must  be  added  the 
lower  scale  reading,  the  zero  of  this  scale  being  taken  as  the  fixed 
piezometer  datum. 

Changes  of  temperature  of  the  water  in  the  pipe  must  be  considered 
next.  The  difference  in  level  of  the  two  pressure  stations  on  the  steel 
pipe  is  about  300  ft.  The  difference  between  the  pressures  at  these 
two  stations  will  be  changed  appreciably  by  a  change  of  even  a  few 
degrees  in  the  temperature  of  the  water.  Thus,  the  coefficient  of 
expansion  of  water  in  the  neighborhood  of  10^  Cent,  is  very  nearly 
O.OO0O84.  A  change  of  4^  in  the  temperature  (say  from  8°  to  12^) 
would  therefore  cause  the  relative  level  of  piezometers  at  the  two 
points  to  change  by  about  300  x  4  X  0.000084  =  0.1  ft.  (very  nearly). 
Observations  of  the  temperature  in  the  waste  flume  below  the  power- 
house showed,  during  the  period  covered  by  the  experiments,  a  varia* 
tion  between  9.5^  and  14^  Cent.  It  is  apparent,  therefore,  that  this 
cause  probably  had  an  appreciable  influence  upon  the  gauge  readings 
at  Stations  Nos.  1  and  2. 

From  observations  of  the  temperature  in  the  flume,  an  estimate 
was  made  of  the  mean  temperature  of  the  water  in  the  steel  pipe 
during  each  observation,  and  the  corresponding  correction  was  applied 
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to  the  reduced  water  colamn.  Thus,  if  the  water  temperature  is  (^ 
Cent.,  the  piezometer  oolnmn,  at  10^,  oompnted  as  above,  is  mxQti- 
plied  by  the  factor  1  +  0.000084  (t  —  10). 

This  correction  was  applied  only  in  case  of  Manometers  Nos.  1  and 
2.  In  the  case  of  the  wood  pipe  it  is  of  comparatively  little  im- 
portance, because  of  the  much  smaller  slope  of  the  pipe.  Moreover, 
although  the  flume  temperature  may  give  a  fairly  reliable  indication  of 
the  variations  of  temperature  in  the  steel  pipe,  it  would  be  hopeless 
to  attempt  to  secure  any  reliable  estimate  of  the  changes  of  temperature 
in  the  long  section  of  wood  pipe. 

(2.)  CompvkUion  (f  Loss  of  Head, — ^The  loss  of  head  between  any 
two  stations,  due  to  a  given  velocity  of  flow,  may  be  found  by  deter- 
mining the  difference  between  the  piezometer  columns  at  the  two 
stations,  and  comparing  it  with  the  like  difference  under  static  con- 
ditions.* Thus,  if  t  denotes  the  difference  between  simultaneous 
values  of  the  piezometer  heights  at  the  two  stations,  and  Z  is  the 
value  of  z  under  static  conditions,  Z  —  z\&  the  loss  of  head  between 
the  two  stations.  The  datum  of  reference  must  remain  constant  for 
each  piezometer,  but  its  actual  position  is  arbitrary.  If  the  two  sec- 
tions of  pipe  have  unequal  diameters,  the  velocity-head  must  be 
added  to  the  piezometer  height  in  every  case;  but,  with  a  uniform 
pipe,  the  velocity  terms  disappear  from  the  value  of  the  loss  of  head. 

(^.)  Compulaium  <f  Raie  {f  Discharge, — From  a  difference-gauge 

observation,  the  rate  of  discharge  is  computed  in  the  usual  way. 

The  velocity  through  the  throat  of  theVenturi  is  given  by  the  formula 

v=.k*  ^ 2g  H,  in  which  His  '^ head  on  Venturi,"  and  the  coefficient 

k'  is  the  product  of  the  friction  coefficient  k  (in  the  notation  of  the 

previous  paper),  and  the  coefficient  depending  upon  the  areas  of  the 

upper  section  and  throat  of  the  Yenturi.    The  values  of  A;'  for  the 

Ogden  meters,  as  furnished  by  the  manufacturers  were  given  in  the 

former  paper,  t 

General  Results. 

From  each  observation-group,  the  values  of  the  following  quanti- 
ties have  been  computed:  Loss  of  head  per  thousand  feet;  coefficient 
c  in  the  Chezy  formula  v  =sc  V  rs;  and  '*  coefficient  of  roughness  " 

*  In  the  previous  paper  (Transactions,  Am.  Soc.  C.  E.,  Vol.  zl,  p.  481).  the  method 
used  was  substantially  the  same;  but  the  loss  of  head  was  first  computed  in  mercury 
and  then  reduced  to  water,  while  in  the  present  case  each  separate  manometer  observa- 
tion was  reduced  to  an  equivalent  water  piesEometer  reading.  This  method  was  adopted 
for  the  reason  that  one  of  the  grauses  was  a  water  piezometer,  and  its  readings  re- 
quired no  reduction. 

t  Transaciionsy  Am.  Soc.  C.  E.,  Vol.  zl,  p.  482. 
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n  in  Entter's  formula.  These  have  been  tabulated,  and  the  values 
of  c,  n  and  loss  of  head  per  thousand  feet  are  also  shown  graphical] j, 
being  plotted  with  mean  velocity  of  flow  v  as  abscissas.  Mean  curves  are 
drawn,  representing  each  of  these  quantities  as  a  function  of  the  velocity, 
and,  from  the  mean  curves,  generalized  tables  are  computed.  In  these 
tables  are  included  values  of  the  friction  coefficient/ in  the  formula 

B*  being  total  loss  of  head  in  length  /  of  pipe.  These  values  are  com- 
puted from  those  of  c,  from  the  relation 

•^        ca- 
ll.— BESUIiTS  OF  THE  EXPERIMENTS. 

Record  of  Observations. 

The  experimental  data  for  the  entire  series  of  observations  are 
shown  in  Table  No.  1.  The  observations  are  numbered  in  chronologi- 
cal order,  the  numbers  being  given  in  Column  2  of  the  table.  The 
total  number  is  84;  but  No.  3  was  rejected  because  it  showed  so  great 
a  discrepancy  when  compared  with  Nos.  2  and  4,  in  which  the  rate  of 
discharge  had  the  same  value  as  in  No.  3.  In  nearly  every  case  the 
period  of  an  observation  was  20  minutes,  though  the  actual  interval 
during  which  readings  were  taken  was  less  than  this  by  from  2  to  5 
minutes,  because  of  the  time  occupied  in  opening  the  blow-off  valves 
at  the  beginning  of  each  period.  The  date  and  time  of  each  observa- 
tion are  given  in  Column  3. 

Columns  4,  5,  6,  7  and  8  contain  the  data  obtained  from  the  five 
mercury  gauges  at  Stations  Nos.  1,  2,  3,  4  and  5.  In  each  case,  the 
following  quantities  are  entered:  Upper  scale  reading  (?7),  lower  scale 
reading  (L),  temperature  of  mercury  column  (T).  In  the  case  of  Mano- 
meters Nos.  1  and  2,  the  temperature  of  the  water  in  the  steel  pipe  (t) 
is  also  given.  The  constant  distance  between  zeros  of  upper  and 
lower  scales  is  in  each  case  entered  at  the  top  of  the  column.  The 
sub*  column  headed  *'Mer."  gives  the  actual  height  of  the  mercury 
column,  and  the  sub-column  **Mer.  Reduc."  gives  the  height  of  the 
mercury  column  corrected  for  temperature.  In  the  case  of  Mano- 
meters Nos.  1  and  2  there  is  a  double  temperature  correction,  account 
being  taken  of  both  mercury  and  water  temperatures. 
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The  method  of  applying  the  temperature  oorreotion  may  be 
explained  by  reference  to  a  single  observation,  as  No.  18.  The  data 
entered  for  Manometer  No.  1  are  as  follows:  Upper  reading,  2.214; 
lower  reading,  0.083;  constant  distance  between  zeros  of  scales,  81.300; 
mercnry  temperature,  10. 8^  Cent.;  water  temperature,  11. 6°  Cent. 
The  actnal  height  of  the  mercury  column  is,  therefore,  81.800  + 
2.214  —  0.038  =  83.481  ft.  To  reduce  to  an  equivalent  column  at  10° 
Cent,  there  must  be  subtracted  33.481  X  0.00018  X  0.8  =  0.005  ft,, 
0.00018  being  the  coefficient  of  expansion  of  mercury.  The  correction 
for  water  temperature,  already  explained,  has  for  convenience  been 
applied  to  the  mercury  column  before  reduction  to  equivalent  water 
column.  In  Observation  No.  18  the  temperature  of  the  water  in  the 
steel  pipe  is  1.5^  higher  than  the  standard  temperature  of  10^  Cent. 
The  corresponding  correction  to  the  mercury  column  is  33.481  X 
0.000084  X  1.5  =  0.004  ft.,  0.000084  being  taken  as  the  coefficient  of 
expansion  of  water  at  temperatures  near  10°  Cent.  The  correction  for 
mercury  temperature  is  negative,  while  that  for  water  temperature  is 
positive;  hence  the  reduced  height  of  mercury  column  (*'Mer. 
Bednc. ")  is  38.481  +  0004  —  0.005  =  38.480  ft. 

It  should  be  remarked  that  the  constant  distance  between  zeros 
need  not  be  determined -with  great  accuracy.  Its  only  importance  is 
in  the  compatation  of  the  temperature  correction. 

In  Column  9  is  given,  for  each  gauge,  the  height  of  the  ''equivalent 
water  piezometer."  The  datum  of  reference  for  each  gauge  is,  as 
abready  remarked,  arbitrary.  If  the  zero  of  the  lower  scale  is  taken  as 
datum,  the  equivalent  water  piezometer  height  is  determined  by  mul- 
tiplying the  reduced  mercury  column  by  13.57  (the  relative  specific 
gravity  of  the  mercury  at  10°  Cent.),  and  adding  the  lower  scale  read- 
ing.   Thus,  referring  to  Observation  No.  48,  the  data  for  Manometer 

No.  8  are 

7.136  =s  reduced  height  of  mercury  column; 

0.006  =  lower  scale  reading. 

Hence   the   height  of  the  equivalent  water  piezometer  is  7.186  x 

18.57 +0.006  =  96.84  ft. 

In  the  case  of  Manometer  No.  1,  the  reduced  mercury  column  is  in 

every  case  diminished  by  30  ft.  before  the  reduction  to  '*  equivalen 

water  piezometer."    This  simplifies  the  logarithmic  computation,  and 

is  allowable  because  it  amounts  merely  to  shifting  the  datum  of  refer- 
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ence  by  407.10  ft.  (the  water  equivalent  of  30  ft.  of  mercnry).  The 
values  of  ''Mer.  Beduo."  for  Gkhuge  No.  2  have  in  like  manner  been 
diminished  by  8  ft. 

The  sixth  snb-colnmn  nnder  Golnmn  9  gives  the  reading  of  Gkmge 
No.  6.  The  <<  equivalent  water  piezometer"  is  in  this  case  the  actual 
reading  of  the  gauge.  Since  the  height  of  water  column  is  only  5  or  6 
ft.,  the  temperature  correction  for  this  gauge  is  inappreciable.  About 
20^  change  of  temperature  of  the  column  would  be  required  to  change 
the  reading  by  0.01  ft. 

Sub-column  7,  under  Column  9,  gives  the  stage  of  water  in  the 
reservoir  above  the  dam.  It  is  obtained  by  measuring  down  from  a 
fixe^  point  on  the  masonry,  and  the  values  are  therefore  given  the 
minus  sig^.  Many  of  the  values  entered  are  obtained  by  interpolation 
between  observations  made  an  hour  or  more  apart.  No  special  devioe 
was  used  to  secure  great  accuracy  in  these  readings,  and  in  some  cases 
they  are  affected  by  an  uncertainty  of  perhaps  0.05  ft.  because  of 
waves.  These  readings  are  not  used  in  estimating  pipe  coefficients, 
but  were  taken  for  the  purpose  of  estimating  the  loss  of  head  in  the 
entire  pipe  line. 

For  computing  the  loss  of  head  between  two  manometer  stations, 
the  difference  between  simultaneous  piezometer  columns  at  these 
stations  is  taken.  Values  of  this  difference  for  each  of  the  three  lengths 
of  pipe  experimented  on,  and  also  for  Gauges  Nos.  4  and  5,  are  given 
in  Column  10.  These  values  are  found  in  each  case  by  taking  differ- 
ences between  the  numbers  in  the  corresponding  sub-columns  of 
Column  9.  The  process  of  computing  loss  of  head  is  completed  by 
subtracting  these  differences  from  the  corresponding  static  difference 
for  each  pair  of  manometers  compared.  The  results  are  given  in 
Column  11. 

Static  readings  could  be  secured  only  during  one  hour  each  week, 
when  the  water-wheels  were  stopped.  Three  sets  of  static  readings 
were  taken,  the  results  being  recorded  as  Observations  Nos.  1,  34  and 
76.  When  Observation  No.  1  was  made,  only  Manometers  Nos.  1  and  2 
were  ready  for  use.  Observation  No.  3i  includes  readings  of  all 
manometers.  In  Observation  No.  76  readings  were  taken  on  Mano- 
meters Nos.  1,  2,  5  and  6.  The  static  difference  for  the  steel  pipe  (1-2) 
was  thus  observed  three  times ;  but  as  Observation  No.  34  on  the  steel 
pipe  was  not  regarded  as  very  satisfactory  at  the  time,  the  static  dif* 
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ference  adopted  for  Gkrages  Nob.  1  and  2  was  based  upon  Observation 
Nos.  1  and  76,  which  differ  bj  only  0.01  ft.  The  two  values  are  18.19 
and  13.18;  when  the  computation  is  carried  to  the  third  decimal  place 
the  mean  of  these  is  13.186,  and  value  adopted  is  13.19.  It  will  be 
seen  that  Observation  No.  34  gives  a  value  differing  from  this  by  0.06 
ft.  If  this  had  been  used  in  computing  the  mean,  the  result  would 
have  been  changed  by  only  0.02  ft.  Only  one  determination  of  the 
static  difference  8-4  was  made.  For  5-6  there  were  two  determi- 
nations, giving  values  49.49  and  49.66,  the  mean  of  which  (49.52)  was 
adopted. 

In  Column  11  are  entered  the  values  of  the  total  loss  of  head  and  of 
the  loss  per  thousand  feet,  for  each  of  the  three  lengths  of  pipe  1-2, 
3-4,  5-6.  At  the  top  of  each  sub-column  is  given  the  length  of  pipe 
between  manometers.  A  sub-column  is  also  given  for  values  of  the 
loss  between  Oauges  Nos.  4  and  5,  from  which  the  loss  due  to  Tunnel 
No.  7  may  be  estimated. 

In  Columns  12,  13,  14  and  15  are  entered  the  results  of  the  dis- 
charge observations.  The  sub-column  headed  ' '  gauge  "  for  each  meter 
gives  the  difference  between  ihe  heights  of  the  throat  and  up-stream 
mercury  columns  of  the  Yenturi  meter  difference-gauges.  ''Head  on 
Yenturi "  is  equal  to  this  difference  multiplied  by  e — 1,  e  being  the 
specific  gravity  of  the  mercury,  13.57.  From  this  gauge  reading  and 
the  known  dimensions  of  the  meter  the  rate  of  discharge  is  computed,  as 
already  explained.  The  remaining  columns,  giving  rate  of  discharge 
for  each  meter,  total  rate  of  discharge,  and  mean  velocity  of  flow  in  the 
steel  and  in  the  wood  pipe,  need  no  explanation. 

In  most  cases  several  consecutive  observations  (usually  four)  were 
made  with  as  nearly  constant  conditions  of  discharge  aa  possible. 
When  the  actual  variation  was  small,  such  observations  were  combined 
into  a  "group."  These  groups  are  designated  by  letters,  which  are 
given  in  Columns  1  and  17  of  Table  No.  1.  Table  No.  2  shows  values 
of  mean  velocity  and  loss  of  head,  as  obtained  by  averaging  the  results 
of  each  group  of  observations.  The  other  quantities  given  in  this 
table  will  be  referred  to  later. 

Steel  Pipe  Results. 

The  steel  pipe  results* for  each  observation-group  are  given  in 
Table  No.  2,  Columns  3,  4,  6  and  6. 
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TABLE  No.  2. 


1 

a 

3 

4 

5 

6 

7 

8 

9 

10 

11 

la 

13 

V 

Stexl  Pips.    Man.  1-8. 

Wood  Pipe. 
Max.  8-4. 

Wood  Pipe.    Maw.  6-6. 

Total 

L08& 

Man. 

4-5. 

Numbers 
of  observa- 

tiODB. 

0. 

0.680 

1.180 

4.880 

8.167 

8.048 

4.718 

8.6T7 

4.875 

4.779 

0.000 

Id. 

c. 

n. 

til 

1^ 

Hi 

> 

Hi 

c. 

n. 

B 

H 

1 

6,  6,  7,  8,  9 
10  11    12.  18 

-0.000 
0.060 
0.181 
I.ITT 
0.646 
0.886 
1.843 
0.488 
1.858 
1.879 

-0.000 

[4  , 

78.4 
88.1 
108.1 
101.8 
98.6 
104.8 
108.1 
100.6 
104.0 

0.0198 
0.0182 
0.0158 
0.0157 
0.0175 
0.0152 
0.0154 
0.0158 
0.0152 

p, 

c 

D*.:  14;  16;  16;  17 

JE:...,18,10,S0,81 

JP    .198   fiR.  fid.  &K 

G. 

81.  88,  88 

86,  86,  87,  88 

40,  41,  48,  48 
44,  46,  46,  47 
48,  40,  60,  61 
68,  68,  54,  56 

68 
64,  66,  66 

67 
68,  60,  70,  71 
78,  78,  74,  78 

76 
77,  78,  70,  8C 
81,  88,  88,  84 

Jf 

0.000 
8.144 
8.750 
1.175 
8.880 
8.186 
8.884 
1.844 
8.587 
8.474 
8.080 
8.087 
4.480 
5.879 
0.000 
4.845 
4.694 

0.000 
0.810 

*6!688 

0.484 
0.884 
0.474 
0.064 

•i:668 

0.000 
8.144 

0.001 

J 

0.818 

119. R 

0.01S2 

0.187 

8.7501  0.644    180.20.61^ 

J 

1.175 
8.289 
8.186 
8.884 
1.844 
8.687 
8.474 
2.000 
8.087 
4.480 
5.879 
0.000 
4.845 
4.694 

0.066'  117.8  0.0180 

0.147 

K  . 

0.474;  181.1 
0.8061  180.7 
0.498   181.8 
0.074!  117.7 

0.0188 
0.0180 
00188 
0.0130 
0.0182 
0.0188 

0.885 

f, 

0.110 

M 

0.818 

Y 

0.006 

P.. 

0.667 
0.548 
0.878 
0.806 

181.7 
121.4 

Q.. 

188.80.0181 

182.2 

0.0181 
0.0188 
0.0188 

ff 

4.478 
5.880 
O.OUO 


0.8801  121.8 

«... 

1.606 
-fO.OOO 

106.8 

0.0151 

1.242 

-0.001 

1.087 

0.959 

121.9 

T,, 

128.0 
123.8 

0.0181 
0.0181 

0.408 

cr . 



The  same  resnlts  are  shown  graphically  in  Plate  XYL  In  this  dia- 
gram mean  curves  are  drawn  to  represent  the  relation  between  mean 
velocity  of  flow  and  each  of  the  three  quantities,  loss  of  head  per  thou- 
sand feet,  c  and  n.  The  curve  of  loss  of  head  given  by  the  experi- 
ments of  1897  is  also  shown  for  the  purpose  of  comparison.  The  later 
series  covers  a  range  of  velocities  materially  greater  than  the  earlier, 
the  greatest  value  of  the  mean  velocity  being  5.32  ft.  per  second  in 
the  observations  of  1899  as  against  3.85  ft.  per  second  in  the  series  of 
1897. 

A  reference  to  Fig.  6  of  the  previous  paper  *  shows  that  the  por- 
tion of  the  curve  corresponding  to  the  higher  velocities  was  based 
largely  upon  five  observations  made  under  conditions  of  falling  press- 
♦  TrartsactiofiA,  Am.  Soc.  C.  E.,  Vol.  xl.,  p.  405. 
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TABLE  No-  3.— Steel  Pipe.    GenebaijIzed  BBSuiiTS. 


W. 

1897. 

/. 

n. 

18B7. 

1899. 

1899. 

1897. 

1899. 

1897. 

1899. 

1.0 

0.065 
O.lSl 
0.880 
0.856 
0.610 
0.678 
0.868 

0.100 
0.177 
0.877 
0.406 
0.670 
0.765 
0.087 
1.887 
1.616 
1.884 

110.0 
11 1. 0 
110.0 
108.0 
108.0 
110.0 
111.0 

81.6 
98.0 
96.0 
101.8 
108.4 
108.8 
108.8 
104.8 
104.7 
106.0 

0.0818 
O.O807 
0.0818 
0.0881 
0.0881 
0.0818 
0.0807 

0.0387 
0.0608 
0.0867 
0.0861 
0.0846 
0.0848 
0.0888 
0.0886 
0.0884 
0.0888 

0.0188 
0.0140 
0.0144 
0.0147 
0.0147 
0.0146 
0.0148 

0.0184 

1.6 

0.0167 

3.0. 

0.0169 

2.6. 

0.0166 

8.0 

0.0164 

8.6 

0.0158 

4.0 

0.0168 

4.6 

0.0158 

6.0 

0.0168 

6  6. 

... 

0.0168 

me.  It  seems  possible,  in  the  light  of  the  later  resnlts,  that  this  por- 
tion of  the  curve  is  somewhat  too  low.  But  making  all  reasonable 
allowance  for  the  uncertainty  in  the  values  found,  it  appears  that 
there  has  been  some  decrease  in  the  carrying  capacity  of  the  steel 
pipe. 

By  interpolation,  using  the  mean  curves  of  Plate  XYI,  values  of 
the  several  quantities  may  be  found  for  velocities  1,  1.5,  etc.,  feet  per 
second.  These  generalized  values  of  H\  c,/8knd  n  are  shown  in  Table 
No.  3,  together  with  the  corresponding  values  from  the  observations 
of  1897. 

The  Chezy  coefficient  c  shows  an  increase  with  the  velocity.  For 
velocities  above  2.5  ft.  per  second,  this  increase,  however,  is  slow,  and 
the  upper  limit  to  the  value  of  c  would  appear  to  be  not  greater  than  106. 

The  Kutter  coefficient  n  shows,  for  low  velocities,  a  decrease  with 
increasing  velocity.  For  higher  velocities  n  approaches  a  limiting 
value  of  about  0.0152. 

It  must  be  remembered  that  the  law  of  variation  of  c  and  of  n  for 
low  velocities  cannot  be  regarded  as  reliable,  because  the  values  found 
for  these  quantities  are  affected  very  materially  by  small  errors  in  the 
measured  loss  of  head. 

Wood  Pipe  Besults. 

The  wood  pipe  results  for  all  the  observation-groups  are  shown  in 
Table  No.  2.  For  the  shorter  length  of  pipe  (3-4)  the  table  gives  only 
the  velocity  and  the  loss  of  head  per  thousand  feet  (Columns  7  and  8). 
For  the  longer  portion,  values  of  c  and  n  are  also  given. 
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V. 

H'. 

c. 

/. 

n. 

1897. 

1899. 

1897. 

1899. 

1897. 

1899. 

1897. 

1899. 

1.0 

0.066 
0.188 
0.800 
0.898 
0.400 
0.687 
0.678 

0.049 
0.106 
0.184 
0.884 
0.404 
0.648 
0.718 
0.896 
1.106 
1.8S6 

100.0 
110.0 
116.0 
119.0 
188.0 
184.0 
185.0 

116.0 
118.7 
119.9 
180.8 
181.4 
121.7 
188.0 
188.8 
188.4 
188.6 

0.0867 
0.0818 
0.0194 
0.0181 
0.0178 
0.0167 
0.0166 

0.0191 
0.0188 
0.0179 
0.0176 
0.0176 
0.0174 
0.0178 
0.01T8 
0.0178 

o.om 

0.0160 
0.0141 
0.0187 
0.0188 
0.0181 
0.0180 
0.0188 

0  0180 

l.B 

0.0180 

8.0 

0  0181 

8.6 

0.0188 

8.0. 

0.0188 

8.5 

0.0188 

4.0. 

0.0188 

4.5 

0.0188 

6.0 

0.0188 

5.6. 

0.0188 



The  coefficients  c  and  n  and  the  loss  of  head  per  thousand  feet  are 
shown  graphically  in  Plate  XVII,  being  plotted  as  functions  of  the 
mean  velocity  of  flow.  This  diagram  shows  the  observations  on  both 
portions  of  the  wood  pipe,  the  two  sets  of  points  being  marked 
differently. 

As  the  number  of  observers  was  too  small  to  permit  the  simul- 
taneous occupation  of  all  the  six  manometer  stations,  it  was  thought 
best  to  devote  special  attention  to  the  long  section  of  wood  pipe,  and 
to  the  steel  pipe.  The  number  of  observations  upon  the  shorter 
length  of  wood  pipe  was  therefore  limited,  their  main  value  being  to 
serve  as  a  check  upon  the  results  of  1897,  and  to  show  whether  any 
material  difference  exists  between  the  coefficients  for  the  two  portions 
of  wood  pipe.  The  mean  curves  shown  in  Plate  XYII  are  intended 
to  represent  the  results  for  the  long  section  only.  For  the  purpose  of 
comparing  with  the  previous  experiments  on  the  lower  section,  the 
mean  curve  of  loss  of  head  as  found  from  the  experiments  of  1897  is 
also  shown. 

The  generalized  results  for  the  upper  section  of  wood  pipe  are 
given  in  Table  No.  4,  the  values  of  ff,  c,  /  and  n  being  obtained  from 
the  mean  curves  of  Plate  XVII.  The  table  includes  also  values  of  the 
same  quantities  for  the  lower  section  of  pipe,  as  found  from  the 
experiments  of  1897. 

Loss  of  Head  Due  to  Tunnel  No.  7. 

Tunnel  No.  7  is  108.7  ft.  long,  and  is  unlined,  its  cross-section 
being  approximately  9  ft.  square.     Manometer  Stations  Nos.  4  and  5 
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were  on  opposite  sides  of  this  tunnel,  the  former  being  23  ft.  from  its 
west  end  and  the  latter  44  ft.  from  its  east  end.  Simnltaneons  read- 
ings of  the  gauges  at  these  two  stations  furnish  date  for  estimating 
the  loss  of  head  due  to  the  tunnel. 

TABLE  No.  5.— Tunnel  108.7  Ft.  Long.    9  Ft.  Squabb. 


Velocity  in  wood 

•  pipe,  in  feet  per 

second. 


Lobs  between 
manometers  4 
and  5,  in  feet. 


Loss  in  67  ft.  of 
wood  pipe,  in 
feet. 


Loss  due  to  tun- 
nel, in  feet. 


Equivalent 
len^hof  wood 
pipe,  in  feet. 


1.0 
2.0 
8.0 
4.0 
6.0 


0.044 
0.110 
0.190 
O.80O 
0.480 


O.OOB 
0.012 
0.0B7 
0.018 
0.074 


0.041 
0.006 
0.168 
0.248 
0.8B6 


406 
840 


W^ 


-U- 


-tl+ 


iJffhfcE^t 


xr 


LOSS  OF  HEAD  DUE  TO  TUNNEL  N0.7. 
(108.7  FT.LONG;  WITH  SECTION  9X9  FT.,  APPROX.) 


LJ 

•- 
< 


l^ 


1.0  2.0  3.0  1.0 

VELOCITY  IN  WOOD  PIPE  (IN  FEET  PER  SECOND) 
Fio.  8. 


The  total  loss  between  Ganges  Nos.  4  and  5  is  given  in  Table  No. 
1,  Column  11,  and  the  condetised  resnlts  are  shown  in  Table  No.  2, 
Oolnmn  13.  These  resnlts  are  shown  graphically  in  Fig.  3,  in  which 
is  also  drawn  a  curve  to  represent  the  relation  between  the  total  loss 
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TABLE  No.  6. 


1 

9 

3 

4 

5 

6 

7 

8 

9 

10 

South  Meter. 

North 

Meter. 

Qroup. 

South  Meter. 

North  Meter. 

No. 

H 
e  — 1 

H" 
e-1 

H 
e  — 1 

H" 
e  — 1 

H 
e-1 

H' 
e— 1 

H 
e-1 

e— 1 

« 

0.088 
0.088 
0.068 
0.101 
0.101 
0.101 
0.101 
0.101 
0.659 
0.668 
0.660 
0.648 
0.582 
0.566 
0.687 
0.610 
0.846 
0.881 
0.881 
0.868 
0.816 
0.816 
0.812 
0.644 
0.644 
0.646 
0.606 

0.006 
0.007 
0.007 
0.090 
0.019 
0.019 
0.019 
0.019 
0.112 
0.118 
0.112 
0.108 
0.099 
0.094 
0.090 
0.062 
0.068 
0.066 
0.066 
0.061 
0.188 
0.187 
0.186 
0.091 
0.091 
0.096 
0.087 

i 

A  . 

8..... 

A 

0.068 

0.007 

4,.... 

5 

B 

6 

B 

7..... 

B 

B 

0.101 

0.019 

a.... 

9 

B 

10 

0.186 
0.184 
0.187 
0.186 
0.027 
0.027 
0.027 
0.027 

0.080 
0.089 
0.081 
0.080 
0.008 
0(i02 
0.008 
0.008 

c. 

11 

12 

C. 

C... 

0.669 

0.111 

0.186 

0.000 

18 

C. 

14 

D 

16 

16 

D 

D 

0.646 

0.091 

0.0<7 

0.006 

17 

D  .... 

18 

E 

1» 

E 

E 

0.841 

0.068 

80..... 

81 

E 

92 

F 

28 

F 

F 

0.818 

0.187 

84 

96 

G 

87 

G 

G 

0.646 

o.ooe 

28..... 

81 

H 

0.606 

0.087 

of  head  between  gauges  and  the  mean  Telocity  of  flow  in  the  wood 
pipe.  Upon  this  curve  are  based  the  generalized  results  given  in 
Table  No.  5. 

The  total  length  of  wood  pipe  between  the  two  gauges  is  67  ft. ; 
the  loss  of  head  due  to  this  length,  assuming  the  loss  per  thousand 
feet  to  have  values  as  given  in  Table  No.  4,  is  computed  and  entered 
in  Table  No.  5.  Deducting  this  from  the  total  loss  between  gauges^ 
the  loss  due  to  the  tunnel  is  found.  The  total  tunnel  loss  is  made  up 
of  loss  at  .entrance,  loss  at  outlet,  and  loss  due  to  resistances  in  the 
tunnel  itself.  It  is  not  possible  to  estimate  these  losses  separately  so 
as  to  determine  the  value  of  c  for  the  tunnel.  The  curve  showing 
total  loss  due  to  tunnel  for  different  values  of  velocity  in  the  wood 
pipe  is  given  in  Fig.  3. 

The  last  column  of  Table  No.  5  shows  the  length  of  wood  pipe 
which  would  produce  the  same  loss  as  the  tunnel. 
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Loss  of  Head  in  Yentnri  Meters. 

A  limited  number  of  observations  was  made  on  the  loss  of  head 
dne  to  the  Yentnri  meters.  The  first  and  third  tnbes  of  each  of  the 
triple  difference-ganges  communicated  with  the  pix>e  at  points  where 
the  values  of  the  mean  velocity  were  equal,  the  diameter  being  54  ins. 
at  each  section.  The  observed  pressure- difference  between  these  sec- 
tions, therefore,  was  due  wholly  to  the  loss  of  head  in  the  intervening 
portion  of  the  stream. 

It  should  be  stated  that  this  observed  loss  is  not  all  chargeable  to 
the  meter.  The  portion  of  the  pix>e  between  the  two  pressure  sections 
included,  besides  the  converging  and  diverging  portions  of  the  meter, 
about  7  ft.  of  54-in.  riveted  pipe.  The  diverging  pipe  below  the 
throat  Is  constructed  of  riveted  plates,  and  a  gate-valve,  occupying 


kRlvetedHStMBJ* ^1 


about  40  ins.,  is  situated  in  this  portion  of  the  pipe.  The  whole 
arrangement  is  shown  in  Fig.  4.  Doubtless,  the  greater  part  of  the 
observed  loss  of  head  occurred  between  the  throat  and  the  down- 
stream pressure  section.  While  the  loss  in  the  diverging  pipe  may  be 
properly  charged  to  the  meter,  since  this  is  a  necessary  part  of  the 
apparatus,  this  is  not  true  of  the  loss  in  the  7  ft.  of  54-in.  pipe  below, 
nor  of  the  loss  due  to  the  gate.  The  points  of  attachment  of  the  dif- 
ference-gauge tubes  were  the  same  in  these  experiments  as  in  the 
previous  series. 

The  results  of  the  observations  on  the  loss  of  head  in  the  meters 
are  shown  in  Table  No.  6.  **  Head  on  Venturi  "  is  denoted  by  Hy  and 
"loss  of  head"  by  H'\  The  specific  gravity  of  the  mercury  being  e, 
the  difference  between  the  up-stream  and  throat  mercury  columns  is 
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H 


e  —  V 


and  the  difference  between  the  up-stream  and  down-stream 


columns  is =-.     These  are  the  quantities  observed  directly,  and  the 

observed  values  are  given  in  the  table.  These  values  are  averaged  in 
groups,  and  the  average  values  are  entered  in  Columns  7,  8,  9  and  10. 
The  observation  numbers  and  the  letters  designating  groups  agree 
with  those  in  Table  No.  1. 

The  results  are  plotted  in  Fig.  5.  As  in  the  previous  series  of  ob- 
servations,* the  plotted  points  fall  very  nearly  on  a  straight  line, 
indicating  a  relation  expressed  by  the  equation  H"  =  aff,  with  a  con- 
stant value  of  a.  The  value  found  for  a  is  0.169,  while  in  1897  the 
value  was  0.149.  The  lines  corresponding  to  both  these  values  are 
shown  in  Fig.  5. 

It  thus  appears  that  the  loss  of  head  between  the  two  sections  com- 
pared increased  13 A%  between  August,  1897,  and  June,  1899.  This  is 
on  the  assumption  that  the  loss  of  head  in  the  meter  proper  (i.  e.,  be- 
tween the  upper  section  and  the  throat)  has  remained  constant;  for 
unless  this  is  true  a  given  value  of  '*  head  on  Yenturi ''  corresponds  to 
different  values  of  the  rate  of  discharge  in  the  two  series  of  experi- 
ments. 

How  nearly  correct  this  assumption  is,  there  are  no  means  of  know- 
ing. It  is  probable,  however,  that  the  change  in  the  loss  in  the  con- 
verging part  of  the  meter  is  slight. 

It  may  be  pointed  out  that  an  increase  of  13.4%  in  the  loss  of  head, 
for  any  given  velocity,  agrees  well  with  the  increase  observed  in  the 
72-in.  steel  pipe.  This  may  be  verified  by  a  comparison  of  the  1897 
and  1899  curves  of  loss  of  head  in  Plate  XVI. 

The  continued  courtesy  of  C.  K.  Bannister,  M.  Am.  Soc.  C.  E., 
Chief  Engineer  of  the  Union  Power  Company,  and  of  the  Board  of 
Directors,  enabled  the  authors  to  duplicate  and  extend  the  series  of 
observations  made  in  1897.  To  them  and  to  Mr.  L.  S.  Boggs,  Electrical 
Engineer,  the  authors  are  under  great  obligations  for  giving  carte 
hkniche,  so  far  as  they  were  able  to  do  so  without  interfering  with  the 
running  of  the  plant.  As  the  authors  were  short-handed  at  times,  the 
work  could  not  have  been  carried  through  in  the  time  at  their  dis- 
posal if  the  Superintendent  of  the  Power  Company,  Mr.  C.  E.  Crocker, 

*  See  Figs.  18  and  14  of  previous  paper. 
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had  not  kindly  assisted  in  taking  readings.  He  also  regulated  the  dis- 
charge so  as  to  give,  so  far  as  practicable,  the  desired  velocities.  For  his 
assistance  and  co-operation  the  authors  desire  to  express  their  sincere 
thanks.  Their  former  assistant,  Mr.  L.  B.  Spencer,  Assistant  Engi- 
neer, Oregon  Short  Line,  came  from  Salt  Lake  on  two  occasions  to 
help,  and  to  him  also  the  authors  owe  thanks.  During  the  entire 
period  of  their  stay  they  were,  furthermore,  assisted  by  their  colleague, 
Professor  J.  C.  L.  Fish,  who  has  added  to  their  obligations  by  pre- 
paring a  number  of  the  diagrams  which  accompany  this  paper. 
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It  is  the  purpose  of  this  paper  to  present  the  more  interesting 
features  of  the  history  of  the  work  of  abolishing  grade  crossings 
on  Pennsylvania  Ave. ,  in  the  City  of  Philadelphia,  by  what  is  known 
AS  the  Pennsylvania  Avenue  Subway,  and  also  the  construction  of  the 
sewers  connected  therewith. 

Genebal  Dbscbiftion. 

The  Philadelphia  and  Beading  Bailroad  enters  the  densely  popu- 
lated portion  of  the  City  of  Philadelphia  by  means  of  two  principal 
systems: 

First — That  from  Wayne  Junction,  Tioga,  and  Ninth  St.  to  the 
Beading  Terminal  at  Twelfth  and  Market  Sts.,  formerly  on  the  New 
York  Division. 

NoTK.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  wUl  be  published  in  a 
subsequent  number  of  ProceediiigM^  and,  when  finally  closed,  the  papers  with  discussion 
In  full  will  be  published  in  Trantactions. 
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Second, — That  from  Falls  of  Sohuylkill,  Belmont  and  Fennsjlvania 
Ave.,  also  connecting  with  the  Beading  Terminal  near  Twelfth  and 
Callowhill  Sts.,  formerly  on  the  Main  Line  Division. 

Both  of  these  systems  are  now  part  of  the  Philadelphia  Division. 

In  1893  both  of  these  lines  contained  a  very  large  number  of  grade 
crossings,  which  were  becoming  more  dangerous  as  the  city  grew  and 
the  population  on  the  lines  of  the  tracks  increased. 

On  account  of  the  large  number  of  tracks  which  formerly  crossed 
Broad  St.  at  grade  between  Callowhill  St.  and  Pennsylvania  Ave.,  and 
because  Broad  St.  is  one  of  the  widest  and  finest  streets  in  the  city, 
being,  at  the  point  referred  to,  on  one  of  the  principal  routes  from  the 
center  of  the  city  to  Fairmount  Park,  special  attention  had  been 
directed  for  some  years  to  an  arrangement  between  the  City  of  Phila- 
delphia and  the  Philadelphia  and  Beading  Bailroad  Company  by 
means  of  which  this  particular  grade  crossing  could  be  avoided. 

On  December  26th,  1890,  an  ordinance  was  approved  by  the  Mayor^ 
giving  the  Philadelphia  and  Beading  Terminal  Bailroad  Company  the 
right  to  construct  the  Terminal  Station  at  Twelfth  and  Market  Sts., 
and  connect  by  means  of  an  elevated  structure  with  the  tracks  of  the 
Philadelphia  and  Beading  Bailroad  Company  at: 

First — ^A  point  near  Broad  St.  and  Pennsylvania  Ave.,  and, 

Second, — A  point  near  Ninth  St.   and  Fairmount  Ave. 

In  consideration  of  this  privilege  the  Philadelphia  and  Beading 
Bailroad  Company  was,  by  means  of  changes  of  the  grades  of  the 
streets,  to  abolish  the  grade  crossings  at  Broad  St.  and  Lehigh  Ave., 
at  Ninth  St.  and  Columbia  Ave. ,  and  at  Broad  St.  and  Pennsylvania 
Ave.,  all  without  expense  to  the  city.  By  this  ordinance.  Broad  St. 
was  to  be  carried  over  the  railroad  at  both  Pennsylvania  and  Lehigh 
Aves.  The  plans  for  this  change  at  Broad  St.  and  Pennsylvania  Ave. 
provided  for  raising  Broad  St.  about  21  ft.,  and  was  known  as  the 
**  Hump  "plan. 

After  the  construction  of  the  bridge,  with  its  approaches  at  Lehigh 
Ave.,  in  the  northern  section  of  the  city,  it  was  demonstrated  clearly 
that  a  similar  raising  of  the  grade  at  Pennsylvania  Ave.,  almost  in 
the  heart  of  the  city,  would  not  only  seriously  damage  valuable  prop- 
erty, but  would  practically  ruin  the  finest  avenue  in  the  city,  and 
would  leave  sixteen  dangerous  grade  crossings  to  the  westward 
unprovided  for. 
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Before  arrangements  were  made  to  begin  work  at  Pennsylvania 
Ave.,  several  plans  were  prepared  by  different  interests,  with  a  view 
of  avoiding  the  hump  on  Broad  St.  One  of  these  contemplated  the 
abolishment  of  all  grade  crossings  on  the  line  of  Pennsylvania  Ave. 
and  Noble  St.  from  Thirteenth  to  Thirtieth  Sts.  by  means  of  a  tnnnel 
extending  from  Hamilton  St.  to  a  point  near  Taney  St. ,  and  the  re- 
mainder of  the  line,  including  the  freight  yards  of  the  railroad  com- 
pany, in  an  open  subway  with  bridges  on  the  line  of  Broad  and  other 
cross  streets.  This  plan  contemplated  but  a  slight  change  in  the 
grade  of  Broad  St.,  and  had  the  additional  advantage  of  abolishing 
sixteen  other  dangerous  grade  crossings  over  Pennsylvania  Ave.,  be- 
sides providing  an  entrance  to  Fairmount  Park  free  from  all  danger 
and  annoyance  from  passing  trains. 

The  question  of  elevating  the  railroad  tracks  on  the  avenue  was 
considered,  but  as  this  type  of  construction  would  result  in  all  the 
intersecting  streets  being  crossed  by  bridges,  over  which  constant  and 
heavy  traffic  would  be  passing,  and  particularly  as,  in  addition  to 
Broad  St.,  these  crossings  would  be  over  Twenty-second,  Spring 
Garden  and  Green  Sts.,  and  Fairmount  Ave.,  all  principal  entrances 
to  Fairmount  Park,  the  scheme  was  objected  to  seriously  by  citizens 
in  the  central  and  southern  portions  of  the  city.  The  bridge  pro- 
posed at  Broad  St.  was  specially  protested  against  as,  on  account  of 
the  crossing  being  in  the  center  of  the  railroad  terminal  at  this  point, 
the  width  of  the  overhead  bridge  would  have  been  265  ft.,  thus  prac- 
tically making  a  tunnel  of  this  length  over  the  street,  and  cutting  off 
the  view  on  the  central  boulevard  of  the  city. 

After  the  preparation  of  a  number  of  studies  by  the  engineers  of 
the  city,  of  the  Philadelphia  and  Beading  Bailroad,  and  by  the  late 
John  A.  Wilson,  M.  Am.  Soc.  C.  E.,  Consulting  Engineer  for  the 
Bailroad  Company,  a  plan  and  estimates  were  prepared  for  depressing 
the  tracks  and  carrying  them  in  subway  and  tunnel  beneath  all  the 
streets  from  and  including  Broad  St.  to  the  west  as  far  as  Thirtieth 
St.,  permanently  abolishing  all  the  grade  crossings,  providing  for  the 
railroad  business  and  for  the  maintenance  of  adequate  track  connec- 
tions along  the  avenue  from  Thirteenth  to  Twenty -second  Sts. 

The  advantages  of  a  subway  are  that  it  does  not  disfigure  the 
streets  which  cross  it,  the  grades  being  so  arranged  that  the  super- 
structures of  the  bridges  are  beneath  the  level  of  the  streets,  and  the 
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contour  therefore  remains  nnbroken.  Bj  means  of  the  tunnel  from 
Twenty -second  St.  to  the  west,  the  tracks  are  removed  from  sight,  and 
what  was  formerly  a  half-blighted  nection  of  the  city  will  be  reclaimed, 
obtaining  for  the  city  a  splendid  driveway  and  an  appropriate 
entrance  to  Fairmount  Park  freed  from  all  objectionable  features.  It 
will  also  result  in  a  partial  tinancial  return  in  increased  taxes.  From 
a  railroad  standpoint,  it  w^ill  do  away  with  the  constant  expense  of 
watchmen,  the  maintenance  of  safety  gates,  and  will  allow  of  the 
rapid  running  of  trains  on  a  clear  permanent  way,  besides  practically 
doing  away  with  all  claims  arising  from  accidents  to  the  public. 

Lboislation. 

In  the  spring  of  1894,  a  printed  draft  of  an  ordinance  for  the  work 
generally  described  above,  together  with  lithographs  of  bird's-eye 
views  of  Pennsylvania  Ave.  as  it  existed  at  that  time  and  as  it  was 
proposed  to  change  it,  was  placed  in  the  hands  of  Common  and  Select 
Councils,  the  Legislative  bodies  of  the  city,  together  with  an  estimate 
of  the  total  cost  of  the  work,  which  was  placed  at  S6  000  000.  These 
lithographs  are  reproduced  in  Figs.  1  and  2  and  show  clearly  the 
intent  of  the  work  to  the  average  layman. 

On  March  15th,  1894,  an  ordinance  was  approved  by  the  Mayor, 
then  the  Honorable  Edwin  S.  Stuart,  providing  for  the  issuance  of  a 
loan  of  S6  000  000  to  be  used  for  the  work.  The  ordinance  provides 
that  the  city  shall  negotiate  the  loan,  as  specially  provided,  and  the 
railroad  company  shall  eventually  pay  back  to  the  city  half  the  cost 
of  the  work,  providing  that  their  share  of  the  said  cost  in  no  event  ex- 
ceeds the  sum  of  S3  000  000.  The  loan  to  be  issued  in  twenty  series 
of  »300  000  each. 

On  March  17th,  1894,  an  ordinance  was  approved  by  the  Mayor,  for 
carrying  out  the  work  in  substantial  accordance  with  the  general 
plans  previously  mentioned. 

The  work  authorized  by  this  ordinance  involved  the  depression  of 
the  tracks  and  yards  of  the  Philadelphia  and  Beading  Bailroad  Com- 
pany between  Broad  and  Thirtieth  Sts.,  including  the  alteration  of 
the  lines  and  grades  of  the  tracks  and  yards  between  the  north  side  of 
Noble  St.  and  Callowhill  St.,  and  between  Eleventh  and  Broad  Sts.; 
the  alteration  of  the  lines  and  grades  of  the  tracks  of  the  Philadelphia 
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and  Beading  Terminal  Bailroad  Company,  east  of  Broad  St.,  and 
between  Noble  and  Carlton  Sts.  Accompanying  this  depression  and 
alteration  of  tracks  and  yards,  is  the  alteration,  construction  and  re- 
construction of  all  the  yard  tracks,  freight,  engine,  depot  and  signal 
buildings  and  other  structures  of  the  Philadelphia  and  Beading  Bail- 
road  Company,  so  as  to  provide  as  much  accommodation  and  as  full 
and  convenient  a  method  for  operation  and  conducting  business  as 
previously  existing.  Adequate  track  connections  with  the  various  in- 
dustrial establishments  along  the  line  of  the  railroad  were  to  be  pro- 
vided; provision  was  to  be  made  for  the  construction  of  temporary 
tracks  and  bridges  for  maintaining  travel  on  the  railroad  and  upon  all 
the  intersecting  streets.  Bridges  with  adequate  approaches,  piers 
and  abutments  were  to  be  built  to  carry  Broad  St.,  Fifteenth,  Six- 
teenth, Seventeenth,  Eighteenth,  Nineteenth,  Twentieth  and  Twenty- 
first  Sts.  over  the  tracks  of  the  railroad.  Bridges  at  Callowhill, 
Twelfth  and  Thirteenth  Sts.  were  to  be  built  to  carry  the  tracks  of  the 
railroad  over  these  streets.  Provision  was  made  for  carrying  the 
tracks  in  an  open  subway,  with  the  necessary  retaining  walls  and 
underpinning  of  all  structures  along  the  line,  from  a  point  near  Broad 
St.  to  Hamilton  St.,  by  a  tunnel  from  Hamilton  St.  to  a  point  near 
Taney  St.,  and  thence  by  an  open  subway  to  a  point  near  Thirtieth 
St.  An  entire  reconstruction  of  the  sewerage  system  between  Twelfth 
and  Thirtieth  Sts.  was  made  necessary,  as  well  as  the  alteration  and 
reconstruction  of  gas  and  water  mains,  electrical  conduits  and  other 
municipal  structures. 

Twelfth,  Thirteenth,  Broad  and  a  few  of  the  other  intersecting 
streets  required  some  change  of  grade. 

The  lengths  of  the  various  classes  of  work  to  be  constructed  are  as 
follows: 

Elevated  structure 959  ft. 

Open  subway 6  330  «« 

Tunnel 2  711  " 

Total 10  000  ft. 

On  August  31st,  1894,  a  formal  agreement*  was  entered  into  between 

the  Beceivers  of  the  Philadelphia  and  Beading  Bailroad  and  the  city, 

*  The  form  of  afirreement  and  ordinance  in  full  have  been  filed  in  the  Library  of  the 
Society  for  reference. 
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in  compliance  with  the  terms  of  the  ordinance,  which  provided  that 
before  the  ordinance  should  go  into  effect  the  Kaihroad  Company 
should  file  its  acceptance  of  the  provisions  contained  and  a  covenant 
should  be  entered  into,  in  form  to  be  approved  by  the  City  Solicitor, 
to  perform  all  the  provisions  of  the  ordinance  as  far  as  they  relate  to 
the  Railroad  Company. 

On  the  same  day  they  also  filed  a  bond  for  $500  000,  as  required, 
as  security  for  their  pavment  to  the  City  of  half  the  total  cost  of  the 
work. 

On  August  3l8t,  1894,  the  general  plans  for  the  construction  of  the 
work  were  approved,  as  required  by  the  ordinance,  and  on  Augpist 
30th  bids  were  received  for  the  work  upon  the  entire  sewerage  system, 
the  detailed  plans  for  which  had  been  prepared  in  anticipation. 

The  ordinance  specifically  provides  that  all  the  engineering  work 
is  to  be  done  by  the  City  under  the  supervision  of  the  Director  of  the 
Department  of  Public  Works,  and  that  the  plans  ai^d  specifications, 
after  being  prepared,  are  to  be  submitted  to  the  officers  of  the  Railroad 
Company  for  their  approval,  and  copies  filed  with  the  Railroad  Com- 
pany and  the  City. 

Provision  is  also  made  for  the  necessary  revisions  of  the  lines  and 
grades  of  the  streets  in  order  to  carry  out  the  work. 

Fig.  3  is  a  general  plan  of  the  work  and  the  surroundings. 

SOUNDINQS. 

A  large  number  of  soundings,  by  the  water-jet  process,  were  made 
along  the  line  of  the  subway  and  on  the  route  of  the  sewers,  in  order 
to  give  the  contractors  for  the  sewers  an  idea  of  the  character  of  the 
material  to  be  excavated,  and  to  aid  in  making  intelligent  designs  for 
the  work  of  underpinning  the  buildings  and  for  the  main  work  of  con- 
struction  of  the  subway  proper.  Subsequent  excavations,  adjacent  to 
these  soundings,  developed  the  fact  that  they  had  been  made  care- 
fully, and  were  therefore  of  the  greatest  value  in  (lesigning  the  work 
and  making  intelligent  estimates.  On  account  oi  the  soft  nature  of  the 
rock  in  many  places,  shown  on  the  soundings  as  hard  rock,  it  would 
have  been  well  if  a  limited  number  of  diamond  drill  borings  had  been 
made  in  selected  localities  along  the  line,  in  order  to  determine  the 
nature  of  the  rock  more  exactly. 
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In  order  to  drain  the  subway,  and  to  provide  for  the  old  sewers 
out  by  the  excavations,  three  new  and  independent  systems  of  main 
sewers  were  necessary  to  accomplish  this  purpose  in  the  most  satis- 
factory and  economical  manner,  there  being  no  existing  systems  at  a 
sufficiently  low  level. 

The  three  systems  into  which  the  sewers  for  carrying  on  this  work 
were  divided  are  as  follows: 

First.  The  Twenty-fourih  Street  and  Pennsylvania  Avenue  System, — 
This  system  provides  for  the  drainage  west  of  Twenty-fourth  St. 
on  the  north  side  of  Pennsylvania  Ave.,  intercepting  all  the  cross 
sewers  between  Twenty-fourth  and  Thirtieth  Sts.,  carrying  the  same 
beneath  the  tunnel  at  Twenty-fourth  St.,  down  Twenty-fourth  St. 
to  Powelton  Ave. ,  and  on  the  line  of  Powelton  Ave.  to  the  Schuylkill 
Biver.  This  system  was  divided,  for  construction  purposes,  into  two 
contracts. 

Second.  CaUowhill  Street  System. — This  system  provides  for  the 
drainage  of  the  subway  and  tunnel  from  Thirteenth  to  Twenty-third 
Sts.  by  means  of  a  main  sewer  on  Callowhill  St.  (which  runs  parallel 
to  Pennsylvania  Ave.,  east  of  Twentieth  St.)  with  appurtenant  sewers 
on  the  cross  streets  leading  under  the  subway  and  receiving  through 
well-holes  the  sewage  from  the  old  high-level  sewers  to  the  north. 
From  Twenty -third  St.,  the  main  sewer  follows  Powelton  Ave.  to 
Twenty-fourth  St.,  passes  along  Twenty -fourth  St.  to  Wood  St.  and 
thence  to  the  Schuylkill  River.  This  system  is  divided,  for  construc- 
tion purposes,  into  three  contracts. 

Tfiird,  Tvcelfth  Street  System. — This  system  is  designed  to  intercept 
the  old  Thirteenth  St.  main  sewer,  carry  it  down  Buttonwood  St.  to 
Twelfth  St.,  thence  along  Twelfth  St.  to  Carlton  St.,  where  it  dis- 
charges into  an  old.  main  sewer  on  the  Delaware  River  water-shed. 
This  system  is  in  one  contract. 

Detail  plans  were  prepared  for  these  sewers  and  special  specifica- 
tions written  upon  the  same  lines  as  those  in  use  by  the  Sewer 
Division  of  the  Bureau  of  Surveys  (the  City  Bureau  having  charge 
of  all  sewer  work).  The  sewers  were  contracted  for  at  a  price  per 
lineal  foot  for  each  size  of  completed  sewer,  including  excavation, 
refilling  and  all  appurtenances  shown  on  the  drawings,  such  as  man- 
holes, wellholes,  spurs,  etc. 
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These  specifications,*  while  covering  the  whole  work  of  oonstmc- 
tion  in  detail,  specify  some  features  which  are  rather  different  from 
nsnal  practice,  and  are,  therefore,  worthy  of  special  attention. 

It  was  directed  that  all  sewers,  wherever  practicable,  were  to  be 
constructed  in  tunnel,  the  work  being  carried  on  day  and  night. 

All  appliances  for  removing  excavated  material  were  to  be  speciaUy 
adapted  for  the  prevention  of  interference  with  travel,  and  were  to  be 
subject  to  the  approval  of  the  chief  engineer. 

When  constructed  in  tunnel,  the  space  between  the  outside  of  the 
sewer  and  the  roof  and  sides  of  the  tunnel  was  to  be  filled  compactly 
with  rubble  masonry  or  concrete,  as  directed. 

On  account  of  the  light  grades,  the  inverts  on  curves  were  to  be 
plastered  with  Portland  cement  mortar,  ^-in.  thick,  to  reduce  the 
friction. 

In  the  general  clauses  relating  to  the  responsibility  of  the 
contractors  and  to  maintenance,  provision  is  made  to  settle  disputes 
between  the  contractors  on  the  several  sections  as  to  the  disposition  of 
drainage  by  making  the  Director  of  the  Department  of  Publifc  Works 
the  arbiter.  The  maintenance  of  all  new  work  is  to  be  cared  for  by 
the  contractor  or  his  sureties  for  five  years  from  its  completion.  The 
manner,  the  times  of  carrying  on  the  work  and  the  force  used  in 
construction  are  to  be  subject  to  the  approval  of  the  Chief  Engineer. 

The  geaeral  drainage  plan  of  this  work  is  shown  in  Fig.  4. 

The  time  for  the  completion  of  the  work  was  fixed  by  the  depart- 
ment at  four  months  from  the  date  of  the  order  to  proceed. 

Bids  were  received  on  August  30th,  1894,  and  on  September  4th 
and  5th  contracts  were  executed,  as  follows : 

Twenty -fourth  St.  and  Pennsylvania  Ave.  System: 

Limit  of 
Contractors.  Contract. 

Contract  No.  1.— Ryan  &  Kelly «102  000 

*»         No.  2.— J.  A.  Mundy  &  Bro 138  000 

Callowhill  St.  System: 

Contract  No.  1.— C.  P.  Grim  &  Co 94  000 

No.  2.— Geo.  W.  Ruch 75  000 

No.  3.— John  McCann 47  000 

•Twelfth  St.  System: 

John  McCann 25  000 

*  The  full  Bpeciflcation  has  been  placed  on  file  in  the  Library  of  the  Society. 
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The  order  to  proceed  with  the  work  was  given  to  all  contractors 
alike  on  September  10th,  1894,  and  it  was  directed  that  the  work  be 
proceeded  with,  day  and  night. 

Detailed  descriptions  of  the  work  on  each  contract  follow. 

TiDeniy-fourth  Street  and  Pennsylvania  Avenue  System.  Contract  No. 
I.— Located  on  the  line  of  Powelton  Ave.,  Twenty -fonrth  St.  and  Penn- 
sylvania Ave. ,  from  the  Schnylkill  Kiver  to  Station  19  +  88.  Ryan 
and  Eelley,  Contractors. 

This  contract  extended  from  the  Schuylkill  River  at  the  foot  of 
Powelton  Ave.  to  the  north  of  and  alongside  of  an  old  8-ft.  U-shaped 
sewer ;  passed,  with  very  close  clearance,  under  the  tracks  of  the 
Schuylkill  River  East  Side  Railroad  (Baltimore  and  Ohio  System)  and, 
at  a  distance  of  about  205  ft.  from  the  outlet,  changed  to  an  8- ft.  twin 
sewer.  At  the  wharf,  the  elevation  of  the  inside  bottom  of  the  invert 
is  —  7.5,  Philadelphia  City  datum.  This  datum  is  2.25  ft.  above  mean 
high  water  and  8.52  ft.  above  mean  low  water  in  the  Delaware  River  at 
Philadelphia.  It  is  thus  seen  that  the  inside  bottom  of  the  sewer  is 
only  1.02  ft.  above  mean  low  water.  From  this  point,  for  a  distance  of 
about  150  ft.,  the  sewer  was  constructed  upon  piles  with  a  yellow  pine 
platform  and  masonry  cradle.  The  details  of  this  section  of  the  sewer 
are  shown  in  Fig.  4.  At  about  Station  1  -f  50  the  sewer  runs  beneath 
an  old  warehouse.  Here,  the  piles  were  omitted  and  a  timber  plat- 
form 22  ins.  thick  was  substituted.  As  will  be  seen  by  reference  to 
Fig.  5,  the  pile  work  was  below  low  tide,  and  the  excavation  for  a  dist- 
ance of  over  100  ft.  from  the  outlet  was  through  an  old  wharf,  making 
the  use  of  a  coflfer  dam  impracticable.  A  diver  was  employed  to  cut  off 
the  tops  of  the  piles  after  they  had  been  driven,  and  the  platform 
and  cradle  were  placed  in  position  at  low'tide,  bulkheads  being  used 
wherever  practicable  to  facilitate  the  work. 

The  U-shaped  sewer  was  covered  with  steel  X -beams  and  buckle- 
plates  filled  in  on  top  with  concrete.  This  construction  was  necessi- 
tated on  account  of  the  low  level  of  the  railroad  tracks  crossing  at  this 
point.  It  will  be  noticed  by  reference  to  the  plans  that  the  new  main 
sewer  on  Twenty -fourth  St.  is  10  ft.  6  ins.  in  diameter.  This  could  not 
be  carried  under  the  railroad  tracks  and  preserve  the  required  eleva* 
tion  of  the  inside  bottom;  hence,  a  separating  chamber,  placed  at  the 
intersection  of  Twenty-fourth  St.  and  Powelton  Ave. ,  and  leading  to  a 
pair  of  circular  sewers  8  ft.  in  diameter,  was  designed.     Where  these 


Digitized 


byGoogk 


Paper8.]WEBBT£B  A  WAGNEB  OK  SUBWAY  8EWBB  OONSTBUOTION.  143 

twin  sewers  passed  nnder  the  tracks  the  section  was  again  changed,  aa 
noted  above.  The  U-s^cip^  portion  of  the  old  sewer  on  this  line  was 
retained  from  the  old  warehouse  to  the  outlet,  and  the  new  sewer  was 
bnilt  to  the  north  of  it. 

From  the  point  where  the  twin  sewers  commence,  to  the  end  of  the 
separating  chamber,  the  foundation  was  upon  two  layers  of  3-in.  yellow 
pine  plank  laid  at  an  angle  of  60<^  to  each  other.  From  the  separating 
chamber  to  the  north  side  of  GaUowhill  St.  a  simple  masonry  cradle 
was  used,  and  at  about  this  point  the  excayation  was  largely  through 
rock.  Just  south  of  Hamilton  St.  tunneling  was  started,  and  continued 
to  the  end  of  the  contract  at  Station  19  +  88.  It  was  entirely  through 
rock,  with  the  exception  of  a  gravel  pocket  beneath  Pennsylvania  Ave. 
A  tunnel  was  also  driven  beneath  GaUowhill  St.  through  soft  material 
so  as  not  to  interfere  with  traffic  on  the  street. 

The  old  sewer  on  Twenty-fourth  St.  was  10  ft.  in  diameter,  and  was 
very  old.  There  was  a  heavy  and  constant  flow  of  sewage  through  it, 
and,  owing  to  the  heavy  grade,  the  invert  in  many  places  was  practic- 
ally worn  out  and  washed  away.  In  several  places,  and  for  consider- 
able distances,  there  was  no  brick  work  whatever  remaining.  The  new 
sewer  was  constructed  on  essentially  the  same  alignment  as  the  old  one, 
but  with  a  much  flatter  grade.  Up  to  a  point  near  Hamilton  St. ,  it 
was  necessary  to  carry  the  water  during  construction  by  means  of  a 
flume  of  wood,  rectangular  in  section  and  6  ft.  square,  constructed 
under  the  west  sidewalk  of  Twenty -fourth  St.,  and  to  remove  the  old 
sewer  entirely,  in  order  to  build  the  new  one.  This  flume  extended 
from  Hamilton  St.  to  about  Station  1+90  where  it  discharged  into  the 
old  U -shaped  sewer.  From  Hamilton  St.  north,  by  careful  working,  a 
tunnel  was  driven,  and  the  new  sewer  was  constructed  beneath  the  old 
one,  which  was  in  active  service.  Several  breaks  occurred  in  the  bot- 
tom of  the  old  sewer,  allowing  the  sewage  to  fall  into  the  workings 
beneath,  but  in  no  case  causing  injury  or  loss  of  life.  Entrance  to  the 
tunnel  was  obtained  through  four  side-shafts  with  drifts  into  the  main 
tunnel.  These  shafts  were  generally  located  in  the  small  cross  streets 
oflf  the  line  of  Twenty-fourth  St. 

Of  the  total  length  of  main  sewer  constructed,  1  988.03  ft.,  the 
length  in  tunnel  was  1  001.03  ft.  IngersoU-Sergeant  drills  with  3J-in. 
cylinders  were  used,  fed  with  compressed  air  through  3-in.  and  4-in. 
service  pipe  from  an  IngersoU-Sergeant  Class  '*  A ''  compressor  with  a 
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capacity  of  twelve  drills.  The  compressors  were  supplied  with  steam 
from  two  80  H.-P.  horizontal  boilers.  Ten  hoisting  engines  and  twelve 
pnmps  constituted  part  of  the  contractors'  plant. 

The  blasting  for  the  flume,  referred  to,  seriously  damaged  a  number 
of  houses  on  the  west  side  of  Twenty-fourth  St.,  which  were  in  a  very- 
bad  condition  previous  to  beginning  work.  This  damage  was  made 
good  by  the  contractor,  under  the  terms  of  his  contract. 

Progress  in  making  the  excavation  for  the  new  sewer  tunnel  was 
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necessarily  slow,  on  account  of  the  dangerous  proximity  of  buildings, 
the  old  sewer  and  one  6-in.  and  two  48-in.  water  mains  in  the  street 
above  the  tunnel.  Fig.  6  is  a  section  through  the  street,  between 
Spring  Garden  St.  and  Pennsylvania  Ave.,  in  which  these  structures 
were  found.  Work  was  begun  September  10th,  1894,  and  was  pushed 
vigorously  day  and  night.  The  last  sewer  connection  was  made  May 
6th,  1895.  The  photographs  on  Plate  XVIII  were  taken  from  the  open 
cut  and  tunnel  work  on  this  contract. 
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Fig.  1.— Open  Cut  on  84th  Btiubbt,  North  of  Callowhtll  Strebt. 


Fio.  2.— Tunnel  on  84th  Street,  under  Pennsylvania  Avenue. 
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TABLE  No.  1. — ^IxENOTHS,  Sizes  and  Prices  Paid. 


Sizes  and  Shapes. 

Contract  price,  per 
lineal  foot. 

Total  length,  In 
feet. 

Length  in  tunnel, 
in  feet. 

8  ft.  diameter,  U-Bhaped 

$47,78 
68.61 
48.00 
46.00 
80.Oe 

«».80 

298.38 

1887.08 

128.88 

29.00 

8  ft.  diameter,  twin 

10  ft.  6  ins.  diameter  with  12-in.  pipe. 
9  ft.  6  ins.  diameter ; . . . . 

877.70 
128.88 

Separating  chamber 

1988.08 

1001.06 

Total  payment  to  contractors :  $92  586.42. 

Tvoenty-fourik  Street  and  Peniisylvania  Avenue  System.  Ccmlraci 
No.  2. — Located  on  the  line  of  Pennsylvania  Ave.  from  Station  19-f-88 
to  Thirtieth  St.     James  A.  Mundy  and  Brother,  Contractors. 

This  is  a  continuation  of  Contract  No.  1,  and  completes  the  system 
by  making  connection  with  the  old  sewer  on  Thirtieth  St.  The  sewer, 
where  it  crosses  under  Twenty-fourth  St. ,  is  9  ft.  6  ins.  in  diameter  and 
gradually  decreases  in  size  to  7  ft.  6  ins. ,  which  is  the  size  of  the  old 
sewer  on  Thirtieth  St.  Of  the  total  leng^th  of  main  sewer  on  this  con- 
tract, 3  470.66  ft.,  the  length  in  tunnel  was  2  878.02  ft.  Access  to  the 
tunnel  was  obtained  through  sixteen  shafts,  generally  located  where 
manholes  or  wellholes  occurred.  Very  little  soft  material  was  encoun- 
tered in  making  the  excavation,  although  frequent  timbering  in 
isolated  places  was  required,  on  account  of  the  dip  and  seamy  character 
of  the  rock,  which  was  a  mica  schist  of  very  irregular  character  and 
hardness,  in  some  places  being  badly  decomposed,  even  where  40  ft. 
beneath  the  natural  surface.  At  the  lower  end  of  the  contract,  on  the 
curve  running  west  from  Twenty-fourth  St.,  the  rock  was  unusually 
slippery  when  exposed  to  the  air,  and  required  careful  watching.  Just 
west  of  Twenty-eight  St. ,  the  tunnel  excavation  passed  through  a  fill, 
formerly  the  bed  of  an  old  creek,  and  considerable  difficulty  was 
experienced  in  making  the  timbering  stable. 

From  Brown  St.  to  Thirtieth  St.  the  sewer  was  built  in  open  cut. 

From  Twenty-fourth  St.  to  Fairmount  Ave.  the  tunnel  passed 
beneath  a  large  number  of  dwelling  houses  and  an  ice-manufacturing 
plant,  the  latter  in  active  operation  and  the  former  occupied.  These 
structures  were  finally  removed,  upon  the  widening  of  Pennsylvania 
Ave.,  and  the  sewer  is  now  in  the  bed  of  the  street.  With  the 
exception  of  breaking  a  48-in.  water  main,  no  serious  injury  was  done 
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by  the  blasting.  From  Fairmonnt  Ave.  westward,  the  line  of  the 
sewer  is  generally  distant  from  any  bnildings. 

Drills  of  the  Band  type,  with  d^-in.  cylinders,  were  nsed,  and  were 
fed  with  compressed  air  through  4,  6  and  8-in.  service  pipes  from  two 
Band  compressors  with  a  joint  capacity  of  thirteen  drills.  The  com- 
pressors were  supplied  with  steam  from  two  75  H.-P.  horizontal 
boilers.  Seven  hoisting  engines  and  six  pumps  constituted  part  of 
the  contractors'  plant. 

Work  was  begun  September  10th,  1894,  and  was  pushed  day  and 
night.  The  last  sewer  connection  was  made  April  16th,  1895.  Fig.  I, 
Plate  XIX,  shows  the  work  in  tunnel  on  this  contract. 

TABLE  No.  2. — Lenoths,  Sizes  and  Pbiobs  Paid. 


81X68. 

Contract  price,  per 
Uneal  foot. 

Total  len^b,  in 
feet. 

Length  in  tunnel. 

9  ft.  6  Ins.  diameter 

$49.88 
86.90 
80.88 

1  882.70 

870.96 

1  217.70 

1  888  70 

8  ft.  6  Ins.  diameter 

870.96 

7  ft.  6  ins.  diameter 

086.06 

8  470.66 

8  878.02 

Total  payment  to  contractors:  9186  496.15. 

CaUowhiU  Street  System,  Contract  No.  1. — ^Located  on  the  line  of 
Wood  St.,  Twenty-fourth  St.,  Powelton  Ave.  and  Oallowhill  St.  from 
the  Schuylkill  JRiver  to  Station  19  at  Twenty -first  St.,  with  appur- 
tenant sewers  on  Twenty -second  St.,  Hamilton  St.  and  Pennsylvania 
Ave.,  C.  P.  Grim  and  Company,  Contractors. 

This  contract  is  the  outlet  and  most  difficult  section  of  the  Callow- 
hill  St.  System.  From  a  point  near  Twenty-fourth  St.  to  the 
Schuylkill  River,  the  sewer  followed  the  line  and  approximately  the 
grade  of  the  old  Wood  St.  sewer,  which  is  about  4  ft.  in  diameter. 
Near  the  crossing  of  the  Baltimore  and  Ohio  Railroad,  the  new  sewer 
cut  through  part  of  the  old  wharf  referred  to  on  the  Twenty-fourth 
St.  System.  At  the  outlet,  the  elevation  of  the  inside  bottom  of  the 
invert  is  —  8. 17,  or  only  0.35  ft.  above  mean  low  water. 

From  the  outlet  to  Station  1  +  ^  ^^^  sewer  is  8  ft.  6  ins.  in 
diameter  with  an  18-in.  arch,  and  is  constructed  upon  a  platform 
placed  upon  piles  and  with  a  masonry  cradle.  The  piles  and  plat- 
form extended  to  about  Station  1  -f-  40,  where  a  timber  platform  was 
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Fio.  1.— Tunnel  on  Pennstlvjlnia  Avenue,  West  of  26th  Street. 


Fio.  2.— Sewer  in  Tunnel  on  Callowhill  Street. 
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oommenced.  During  the  oonstmction  of  the  new  sewer  on  the  line 
of  Wood  St.  it  was  necessary  to  flume  the  sewage  from  the  old  sewer, 
and,  at  the  outlet,  to  work  only  at  the  lowest  stages  of  the  tide.  It 
was  impossible  to  place  bulkheads  at  any  point  to  prevent  ingress  of 
the  tide,  on  account  of  the  structure  of  the  old  wharf. 

At  the  southeast  corner  of  Twenty-fourth  St.  and  Powelton  Avte. 
the  sewer  approaches  very  closely  to  the  three-story  brick  building 
of  Bement,  Miles  and  Company,  used  as  a  store  house  for  patterns  of 
machine  tools,  and,  on  account  of  the  admittedly  bad  character  of  the 
foundation  under  the  walls  of  this  building,  it  was  not  considered 
advisable  to  proceed  with  the  excavation  without  first  underpinning 
the  building.  A  supplementary  contract  was  therefore  made  with 
the  contractors  for  this  underpinning. 

The  special  specifications  prepared  for  this  work  required  the  exca- 
vation to  be  made  by  sinking  shafts,  not  adjacent  to  each  other,  and 
shoring  the  sides  carefully  where  necessary.  All  loose  or  imperfect 
stones  in  the  bottom  of  the  old  foundation  were  required  to  be  re- 
moved, until  such  portions  of  the  same  were  reached  as  were  com- 
pact and  the  stones  of  large  size.  At  the  center  of  each  section 
(generally  4  ft.  long),  and  under  the  prepared  bottom  of  the  founda- 
tion wall,  a  timber  of  long-leaf  yellow  pine  10  by  10  ins.  in  section 
was  to  be  placed  and  firmly  wedged  up  with  iron  or  steel  wedges. 
The  space  around  the  timber  and  under  the  wall  was  filled  with 
masonry  of  stone  with  specially  flat  beds  (the  stone  from  Oonsho- 
hocken,  Montgomery  County,  Pa.,  was  specified),  laid  in  Portland 
cement  mortar,  mixed  in  the  proportion  of  1  part  cement  to  1  part 
sand.  This  masonry  was  required  to  be  wedged  up  firmly  so  that  no 
space  was  left  for  settlement. 

The  excavation  was  carried  down  through  river  mud  and  sand  for 
a  distance  of  20  ft. ,  and  was  stopped  on  a  bed  of  compact  gravel  below 
the  bottom  of  the  excavation  required  for  the  sewer.  A  bed  of  con- 
crete about  4  ft.  wide  and  3  ft.  deep  was  laid  as  a  footing  course.  The 
building  thus  underpinned  contained  a  number  of  cracks  previous  to 
the  operation,  but  no  new  cracks  were  started,  nor  were  any  of  the 
old  ones  increased  in  size.  The  price  paid  for  the  underpinning,  in- 
cluding the  excavation  and  all  appurtenances,  was  $18  per  cubic  yard. 

On  the  line  of  Powelton  Ave.,  th^  excavation  was  in  open  cut 
through  a  bed  of  gravel  as  far  as  Callowhill  St.,  where  a  tunnel  was 
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driven  beneath  this  street  and  Twenty-third  St.  in  order  to  keep  the 
streets  open  to  travel.  While  driving  this  tunnel,  and  on  the  line  of 
Twenty-third  St.,  an  old  sewer,  about  3  ft.  in  diameter,  was  encount- 
ered, of  which  there  was  no  record  on  the  city  drainage  plans.  This 
sewer  carried  very  large  volumes  of  water  at  certain  hours  of  the  day 
when  the  dye  mills  in  the  vicinity  emptied  their  tanks.  This  caused 
the  contractors  much  annoyance  and  expense  in  maintaining  the  flow 
of  the  sewage.  From  Twenty-third  St.  to  a  point  west  of  Twenty- 
second  St.,  the  excavation  was  in  open  cut,  the  contractors  using,  on 
this  section,  a  Carson  sewer-trench  machine.  A  second  unrecorded 
sewer,  running  diagonally  beneath  the  adjacent  houses,  was  cut  about 
the  middle  of  this  block.  The  volume  of  water  carried  by  it,  however, 
was  very  small  and  was  easily  cared  for.  From  a  point  just  west  of 
Twenty-second  St.  to  Station  19,  the  end  of  the  contract  on  Callow- 
hill  St.,  and  to  the  end  of  the  appurtenant  sewers  at  Twenty-first 
and  Hamilton  Sts.  and  Twenty -second  St.  and  Pennsylvania  Ave., 
the  excavation  was  made  in  tunnel,  with  the  exception  of  a  short 
length  at  Twenty-first  and  Hamilton  Sts.  The  tunnel  was  entered 
by  means  of  eight  shafts  so  located  as  to  be  off  the  main  streets. 
The  total  length  of  the  sewers  on  this  contract  was  3  094.61  ft.,  of 
which  the  length  constructed  in  tunnel  was  1  751.87  ft.  Under 
Callowhill  St.  the  tunnel  was  in  soft  ground,  the  remainder  was 
through  rock  of  varying  degrees  of  hardness.  Drills  of  the  Ingersoll- 
Sergeant,  Rand  and  Kerner  types,  with  3-in.  cylinders,  were  used. 
They  were  fed  with  compressed  air  through  a  4-in.  service  pipe  from 
a  Blake  duplex  compressor  with  a  capacity  of  eight  drills.  The  com- 
pressor was  supplied  with  steam  from  two  vertical  boilers  with  a 
combined  horse-power  of  70.  The  contractors  had  in  use  four  hoist- 
ing engines  and  ten  pumps. 

The  contractors  on  this  section  did  not  prosecute  their  work  as 
rapidly  as  they  should,  and,  as  they  finished  their  brick  work,  they 
failed  to  plaster  the  inverts  on  curves  as  required  by  the  specifications. 
As  a  consequence,  they  were  compelled  to  care  for  the  full  flow  of  the 
sewers  on  the  contracts  above  them,  and  plaster  the  inverts  and  main- 
tain the  flow  of  the  sewer  at  the  same  time.  In  order  to  accomplish 
this,  a  longitudinal  flume,  the  full  length  of  the  curve,  was  constructed, 
as  shown  in  section  in  Fig.  7.  Bulkheads  of  sand  bags  were  then  built 
at  each  end  of  the  flume  in  the  spaces  shown  by  the  smallest  shaded 
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area,  and  the  flow  of  sewage  or  the  returning  tide  made  to  pass  be- 
neath. The  smaller  segment  of  the  invert,  being  free  from  water,  was 
then  plastered.  As  soon  as  the  plaster  had  set,  the  bulkheads  were 
removed  and  placed  in  the  spaces  shown  by  the  largest  shaded  area, 
and  the  flow  made  to  Dass  on  top  of  the  flume.  The  larger  segment 
was  then  plastered.  After  the  flume  was  removed  from  the  sewer, 
the  spaces  on  the  invert  occupied  by  the  framing  were  plastered  at 
low  water,  thej  being  purposely  arranged  so  as  to  be  above  water  at 
low  tide  and  at  ordinary  stages  of  the  flow  in  the  sewer.    During  its 


SECTION  OF  CALLOWHILL  ST.  SEWER 

SHOWING  FLUME  USED  FOR  PLASTERING  INVERT  ON  CURVES 

SCALE  OF  FEET 

6 — I — 5 — i      I     I      i 

Fio.  7. 
use  the  flume  was  endangered  by  two  severe  rain  storms.  Sufficient 
warning  was  given,  however,  to  enable  men  to  enter  the  sewer  and 
remove  the  bulkheads  by  throwing  the  sand  bags  on  the  bottom,, 
thus  reducing  the  obstruction  to  a  minimum.  No  damage  resulted 
in  either  case. 

The  plastering  upon  brick  over  which  sewage  had  been  running 
was  a  piece  of  work  which  required  great  care  and  skill,  in  order  to 
make  a  good   finish.     In  some  cases,  where   the   ground-water  was 


Digitized 


byGoogk 


150  WBBSTBB  A  WAGNEB  ON  SUBWAY  SBWBB  CO KSTBUGTION. [Papers. 

large  in  amount,  weep  holes  were  made  through  the  brick.  At  such 
places,  the  bricks  were  thoroughly  soaked  with  water,  and  there  was 
considerable  trouble  in  making  the  plaster  adhere.  In  some  cases,  the 
grease  from  the  sewage  interfered  with  the  proper  adhesion,  and  had 
to  be  burnt  off  with  plumber's  blow-pipes.  Experience  with  the  condi- 
tions soon  resulted  in  a  very  satisfactory  piece  of  work.  A  quick-set- 
ting neat  cement,  worked  as  dry  as  possible,  being  used  where  the 
amount  of  water  in  the  brick  was  greatest. 

Work  was  begun  September  10th,  1894,  was  pushed  vigorously  for 
a  few  months,  and  then  carried  on  in  a  dilatory  manner.  The  last 
sewer  connection  was  made  in  November,  1895,  and  the  plastering  of 
the  inverts  was  finished  February  26th,  1896. 

TABLE  No.  3.— Lengths,  Sizbs  and  Pbices  Paid. 


Sizes  and  shapes. 

per  lineal  foot. 

Total  length.     Length  in  tunnel, 
in  feet.       1          in  feet. 

8  ft.  6  ins.  diameter,  18-in.  arch 

972.50 
28.75 
27.15 
20.00 
17.26 
20.60 
8.00 

140.00        

**         "       "         18|-in.  arch 

7  ft.  diameter 

1244.24                     196.00 
516.78        1             516.78 

4  ft.  9  ins.  diameter 

692.64        1             092.64 

4  ft.  diameter 

260.00        1               95.60 

8  ft.  diameter. .              

251  00        1             261.00 

4  ft.  by  2  ft.  8  ins.,  egg-shaped 

not  built.      ' 

8  094.61        1          1761.87 

Total  payment  to  contractors:  980  842.75. 

The  4  ft.  by  2  ft.  8  in.  egg-shaped  sewer  was  not  constructed,  on 
account  of  its  close  proximity  to  the  north  wall  of  the  tunnel,  which 
had  to  be  excavated  in  rock  immediately  adjacent.  It  was  omitted, 
therefore,  in  this  contract,  and  constructed  after  the  excavation  of  the^ 
tunnel  wall  was  made. 

GaUoichiU  Street  Si/slem.  Contract  No.  2. — Located  on  the  line  of 
CallowhillSt.,  from  Station  19  at  Twenty-first  St.,  to  Station  38  at 
Seventeenth  St.,  with  appurtenant  sewers  on  Seventeenth,  Eighteenth^ 
Nineteenth  and  Twentieth  Sts.,  George  W.  Ruch,  Contractor.  This 
was  a  continuation  of  Contract  No.  1,  and  was  the  middle  contract  of 
the  system. 

The  whole  of  the  2  953.20  ft.  of  sewers  constructed  on  this  contract 
was  built  in  tunnel,  access  to  the  headings  being  obtained  through 
twelve  shafts.  At  the  western  end  of  the  line,  the  tunnel  was  driven 
through  rock,  and  very  little  or  no  timbering  was  required.     From 
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Station  19  to  a  point  near  Nineteenth  St.^  the  ezoavation  was  through 
rock  which  decreased  in  hardness  as  the  work  progressed  toward  the 
«a8t.  Book  was  encountered  on  Twentieth  St. ,  that  under  Pennsylvania 
Ave.  being  specially  hard.  On  the  other  hand,  the  sewer  on  Seven- 
teenth St.  was  driven  through  a  micaceous  sand,  very  slippery  and 
dangerous  to  handle,  and  requiring  close  sheathing  in  the  headings. 
The  most  serious  accident  on  the  work  occurred  on  the  Callowhill  St. 
sewer,  where  it  passed  under  the  old  high-level .  sewer  on  Nineteenth 
St.  A  cave-in  occurred  at  this  point,  caused  by  insufficient  timbering, 
the  sewage  from  above  filling  the  entire  workings  below.  There  was 
also  trouble  on  Callowhill  St.,  between  Twentieth  and  Twenty-jftrst 
Sts. ,  caused  by  blasting.  The  blasts  were  so  severe  as  to  affect  the  ad- 
justment of  machine  tools  in  the  shops  of  Messrs.  Bement,  Miles  and 
Company,  immediately  adjoining  the  line  of  the  sewer,  and  spoiling 
some  work  which  was  on  the  machines.  After  several  cautionary 
orders,  the  Department  was  compelled  to  direct  the  detailed  operations 
of  firing  the  charges,  and,  as  a  result,  the  contractor,  at  the  termina- 
tion of  the  work,  sued  the  city  for  damages  resulting  from  the  issuance 
of  such  an  order.  The  suit  was  entered  by  the  contractor  in  the  sum 
of  S57  377.46,  afterward  revised,  as  agreed  upon  by  counsel,  to 
$52  785. 16.  The  suit  was  tried  in  November,  1897,  and  was  interesting 
on  account  of  the  testimony  of  an  expert  nature,  presented  by  the  con- 
tractor to  show  that  the  chief  engineer  had  exceeded  his  authority  by 
issuing  orders  directing  the  manner  in  which  the  blasting  was  to  be 
done,  when  no  special  method  was  specified.  The  court  ruled  that 
the  chief  engineer  had  the  right  to  issue  such  instructions  if  they  were 
reasonable. 

Testimony  was-  presented  by  the  city  to  show  that  the  progress 
made  in  driving  the  tunnels  was  as  great  after  issuing  the  order  as  it 
had  been  before.  As  this  testimony  could  not  be  refuted,  the  case  was 
settled,  and  a  verdict  of  38  705.13  was  awarded  the  contraclor.  This 
verdict  meant  a  practical  victory  for  the  city,  as  it  represented  retained 
moneys  and  interest  on  the  same  held  by  the  city,  pending  the  settle- 
ment of  the  case. 

Drills  of  the  Ingersoll -Sergeant  type  with  3^ -in.  cylinders  were 
used.  The  compressed  air  was  supplied  through  3,  4  and  5- in. 
service  pipes  from  a  Norwalk  single  compressor,  with  a  capacity  of 
twelve  drills.     The  compressor  was  supplied  with  steam  from  two 
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65  H.-P.  vertical  boilers.     In  addition  to  this  machinery  the  contractor 
had  in  use  five  hoisting  engines  and  five  pumps. 

Work  was  begun  on  September  20th,  1894,  and  the  last  sewer  con- 
nection was  made  June  3d,  1895.  Fig.  2,  Plate  XIX,  shows  the  sewer 
construction  in  tunnel  on  Callowhill  St.,  between  Twentieth  and 
Twenty-first  Sts. 

TABLE  No.  4. — Lengths,  Sizes  and  Prices  Paid. 


Sizes  and  shapes. 

Contractpriee, 
per  lineal  foot. 

Total  length, 
in  feet. 

967.00 
478.00 
455.00 
257.45 
265.25 
265.25 
285.25 

2  068.20 

Length  in  tun- 
nel, in  feet. 

7  ft.  diameter 

S29.G5 
29.54 
26.29 
16.27 
16.27 
9.77 
10.85 

967.00 

6  ft.  6  ins.  diameter 

478.00 

5  ft.  9  Ins.  diameter 

456.00 

8  ft.  diameter 

2S7.45 

2  ft.  9  ins.  diameter 

265.26 

S  ft.  3  ins.  by  2  ft.  2  ins.,  egg-shaped 

2  ft.  6  ins.  by  1  ft.  8  ins.,  egg-shaped 

265.25 
266.25 

2  968.20 

Total  payment  to  contractors:  $69  662.71. 

Callowhill  Street  Si/atem.  Contract  No,  3. — Located  on  the  Jine  of  Cal- 
lowhill St.,  from  Station  38  at  Seventeenth  St.,  to  Thirteenth  St., 
and  on  Thirteenth  St.  from  Carlton  St.  to  Buttonwood  St.,  with  ap- 
purtenant sewers  on  Fifteenth  and  Sixteenth  Sts.  John  McCann, 
Contractor. 

The  total  length  of  sewers  on  this  contract  was  2  467.97  ft.,  of 
which  the  length  constructed  in  tunnel  was  2  060.97  ft.  Access  was 
obtained  through  nine  shafts.  A  considerable  portion  of  the  sewer  oh 
Sixteenth  St.,  and  the  main  sewer  on  Callowhill  St.  from  east  of  Six- 
teenth St.  to  Station  38,  was  in  rock;  the  remainder  of  the  work  was 
through  soft  material,  much  of  it  being  a  slippery  micaceous  sand, 
comparatively  free  from  water.  While  the  department  would  have 
allowed  open  cutting  east  of  Broad  St.,  on  account  of  the  soft  character 
of  the  material,  and  because  the  depth  of  the  sewer  was  not  very 
great,  the  contractor  elected  to  built  the  sewer  in  tunnel,  and  made 
very  satisfactory  progress,  and  without  accident. 

On  account  of  the  grade  of  Thirteenth  St.  being  changed  materially 
by  the  plans  of  the  subway,  it  was  deemed  inadvisable  by  the  depart- 
ment to  dig  up  the  street  and  construct  the  sewer  at  the  time  the  rest 
of  the  sewer  work  was  being  done,  on  account  of  the  double  incon- 
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yenienoe  to  the  public.  No  work  was  done  on  Thirteenth  St.,  there- 
fore, under  this  contract. 

The  contractor  had  no  power  drills  or  compressors  on  the  work. 
AH  the  drilling  was  done  by  hand. 

Work  was  begun  September  10th,  1894,  and  the  last  sewer  connec- 
tion was  made  May  18th,  1895.  This  connection  was  delayed,  on  ac- 
count of  the  failure  of  the  contractor  on  Contract  No.  2  to  complete 
his  tunnel  at  the  upper  end  of  his  section. 


TABLE  No.  5. — ^Lengths,  Sizes  and  Puiges  Paid. 


Sizes  and  Shapes. 

Contractprice, 
per  lineal  foot. 

Total  length, 
in  feet. 

Length  in  tun- 
nel, in  feet. 

6  ft.  9  Ins.  diameter 

$27.90 
12.84 
10.50 
11.00 
7.75 
6.76 
2.40 
11.00 
11.70 
104.60 

890.62 

488.21 

1  056.92 

not  built. 

88.50 

not  buUt, 

278.72 

268.76 

14.86 

890.62 

4  ft.  6  Ins.  diameter 

488.21 

4  ft.  bv  2  ft.  8  Ins..  eirfi:-shai>ed 

661  92 

2  ft.  9  Ins.  diameter 

not  built. 

2  ft.  6  ins.  diameter 

88.50 

2  ft.  6  ins.  by  1  ft.  8  Ins.,  egg-shaped 

12-ln.  T.  C.  pipe 

not  built. 

4  ft.  8  ins.  diameter 

278.72 

4,  ft.  dlAin^^tpi* 

268.76 

Junction  t^rhamber 

14.86 

2  467.97 

2  060.97 

Total  payment  to  contractor:  $86  976.81. 

Tweyih  Street  System, — This  contract  extends  on  Twelfth  St.,  But- 
tonwood  St.  and  Thirteenth  St.,  from  Carlton  St.  to  "Whitehall  St. 
John  McCann,  Contractor. 

The  sewer  on  this  system  was  near' the  surface  of  the  street  and  was 
constructed  entirely  in  open  cut.  There  were  no  points  of  special 
interest  in  connection  with  it. 

Work  was  started  September  10th,  1894,  and  the  connection  to  the 
old  sewer  was  made  on  December  29th,  1894. 

TABLE  No.  6. — Length,  Size  and  Price  Paid. 


Size. 


6  ft.  diameter. 


Contract  price,  per  lineal  foot. 
$16.00 


Length. 


1896.00 


Total  payment  to  contractor:  ^  828.49. 
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TABLE  No.  T.-tPbioes  Fixsd  m  All  Seweb  Gontbaots. 

Additional  rubble  masonry  in  place,   per    cubic  yard, 

including  all  appurtenances $4.50 

Additional  brick  masonry,  in  place,  per  cubic  yard 9.50 

Additional  manhole  with  cover,  without  bucket 25.00 

Additional  wellhole,  per  vertical  foot 5.00 

Each  inlet  with  cover  or  grating,  as  follows: 

No.  1 96.00 

No.  2 87.00 

No.  3 81.00 

No.  4 45.00 

No.  5 40.00 

Additional  terra-cotta  pipe  not  in  concrete,  per  lineal  foot    1 .10 
4<  ((  ■  <(         4(  (<  .       (f  ((  2  35 

((  If  It  ((  («  •(<  it  Q    gQ 

TABLE  No.  8.— Summary  of  Sbwbb  Wobk. 


System. 

8 

1 

Total, 
length  in 

Length 

in  tunnel, 

infect. 

Total  cost. 

Twenty-fourth  St.  and PennsylTania  Ave. . . . 
Twenty-fourth  St.  and  Pennsylyania Ave. . . . 
Callowhill  Street 

No.  1 
No.  8 
No.  1 
No.  2 
No.  8 

0 
16 

8 
18 

9 

1988.08 
8  470.66 
8  094.61 
8  968.80 
8  467.97 
1896.00 

1001.06 
8  878.08 
1751.87 
2  958.80 
8  060.97 

998  586.48 
186  496.16 
80848.75 

Oallowhlll  Street 

69  668.71 

CallowhiU  Street 

85  976.81 

Twelfth  Street 

88  888.40 

64 

16  878.47 

10  646.09 

S487  888  88 

Genesaii  Seweb  Notbb. 

Except  on  Twelfth  St.*,  Battonwood  St.  and  Callowhill  St.  west  of 
Twenty-second  St.,  no  provision  was  made  in  the  sewers  for  house 
connections,  on  acoonnt  of  the  depth  of  the  main  sewer  beneath  the 
street.  Where  it  was  necessary  to  provide  for  snch  connections, 
auxiliary  pipe  sewers  were  constructed  at  a  higher  elevation,  and 
these  emptied  into  the  deep  sewers  through  wellholes  at  suitable 
intervals. 

In  many  cases,  where  high-level  sewers  existed  already,  it  was  pos- 
ible  to  maintain  them  with  their  house  connections  intact  by  building 
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the  new  sewer  in  timnel  and  not  disturbing  the  surface  of  the  street. 
Where  it  wiis  necessary  to  give  both  old  and  new  sewers  the  same 
alignment,  side  shafts  were  snnk,  or  the  old  sewer  was  carried  across 
the  shaft;  in  a  flnme  during  construction.  Wherever  practicable,  the 
shafts  were  sunk  where  manholes  were  required,  thus  accomplishing  a 
double  purpose. 

The  details  of  manholes,  wellholes,  etc. ,  are  shown  in  Figs.  8  to  11, 
which  explain  themselves  sufficiently. 

Plate  XX  shows  the  weekly  progress  made  in  excavation  in  tunnel 
and  open  cut  on  the  Twenty-fourth  St.  and  Pennsylvania  Ave.  System, 
and  Plate  XXI  shows  the  weekly  progress  made  in  laying  the  brick 
work  on  the  same  system.  As  this  work  was  pushed  rapidly,  the  data 
may  prove  of  interest.  Work  was  always  carried  on  in  the  tunnel 
excavation  practically  at  night.     Brickwork  was  only  laid  by  day. 

ENGINEEBINa. 

Under  the  ordinance  authorizing  this  work,  the  Director  of  the 
Department  of  Public  Works,  who  has  supervision  of  the  Engineer- 
ing Bureaus  of  the  City,  is  authorized  and  directed  to  appoint  such 
assistant  engineers,  draughtsmen  and  inspectors  as  may  be  necessary 
for  the  efficient  execution  of  the  works. 

The  work  was  placed  in  charge  of  George  S.  Webster,  M.  Am.  Soc. 
C.  E.,  Chief  Engineer,  Bureau  of  Surveys,  which  Bureau  has  jurisdic- 
tion over  such  work,  under  the  Department  of  Public  Works.  Mr. 
George  E.  Datesman  is  the  Principal  Assistant  Engineer  of  this 
Bureau. 

In  June,  1894,  Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E.,  was 
appointed  First  Assistant  Engineer  in  charge  of  the  work,  and  Mr. 
Charles  H.  Swan,  Chief  Draughtsman.  Mr.  Swan  had  for  some  time 
previously  been  engaged  upon  the  preparation  of  the  plans.  In 
August,  1894,  Mr.  Bichard  L  D.  Ashbridge,  was  appointed  Second 
Assistant  Engineer  in  charge* of  the  work  of  construction  of  the 
sewers.  Mr.  Charles  H.  Ott,  with  a  corps  of  assistants,  was  dele- 
gated to  assist  in  giving  lines  and  grades. 

Owing  to  the  difficulties  of  giving  the  lines  and  grades  on  this 
work,  and  the  rapidity  with  which  it  was  carried  on  at  a  large  number 
of  points  at  the  same  time,  and  on  account  of  the  uniformly  good 
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results  obtained,  the  greatest  credit  is  dne  to  the  engineers  in  the 
ileld. 

Under  the  ordinance,  the  Director  of  the  Department  of  Public 
Works  was  directed  to  confer  during  the  progress  of  the  work  with  an 
engineer  to  be  appointed  by  the  Philadelphia  and  Beading  Bailroad 
Company,  in  regard  to  carrying  out  the  specifications  and  securing 
the  proper  performance  of  the  contracts.  On  March  30th,  1894,  the 
late  John  A.  Wilson,  M.  Am.  Soc.  C.  E.,  was  appointed  Consulting 
Engineer  to  represent  the  Railroad  Company.  After  Mr.  Wilson *a 
death,  which  occurred  on  January  19th,  1896,  Joseph  M.  Wilson,  M. 
Am.  Soc.  C.  E.,  was  appointed  Consulting  Engineer.  Mr.  John  A. 
Wilson  was  closely  identified  with  the  preparation  of  the  studies  and 
the  details  of  the  work,  with  special  reference  to  the  railroad  interests. 
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AMEEIOAN  SOCIETY  OF  CIVIL  ENGINEEES. 

INSTITUTED    1868. 


PAPERS  AND  DISCUSSIONS. 

VoTx.— ThJs  Society  fB  not  responsible,  as  a  body,  for  the  facte  and  opintona  advanced 
in  any  of  its  pubUcations. 


THE  ALBANY  WATER  FILTRATION  PLANT. 
Discussion.* 


By   Messrs.    Gbobgb  L   BahiEy,    W.   B.  Fttlleb,    P.   A.   Maionbn, 

GbOBGB    HiTJi,    a.     M.     MUiTiRB,     BuDOIiPH    HSBIMO,    WUJJAM     P. 

Mason,  0.  E.  FowiiEb,  Gbobgb  W.  FuUiEB,  Gbobgb  0.  Whifflb 
and  Gbobgb  W.  Baftbb.  , 


Gbobgb  L  BAiiiBT,  M.  Am.  Soo.  G.  E.-p*Two  filters  vere  put  in  Mr.  Bail^. 
Bervice  July  27th.  Fonr  more  were  started  July  28th.  All  of  these 
ran  nntil  August  9th,  and  three  of  them  continued  until  August  12th. 
They  were  started  with  the  hope  of  continuing,  but  the  conditions 
were  unfaYorable  in  that  the  water  was  pumped  direct  to  the  filters, 
as  the  sedimentation  basin  was  not  ready  for  use;  the  court  between 
the  filters,  in  which  scraped  sand  was  to  be  deposited,  washed  and 
stored,  was  neither  leveled  nor  paved;  and  the  water  in  the  river  was 
roiled  and  disturbed  by  the  contractors*  operations,  and  particularly 
with  the  wash- water  from  the  sand  being  prepared  for  the  remaining 
two  filters.  The  run  of  the  filters  was,  therefore,  stopped  and  not 
again  commenced  until  September  6th,  since  which  time  their  opera- 
tion has  been  continuous. 
_^ « 

•This  diecueslon  (of  the  paper  by  Allen  Hazen,  Amoc  M.  Am.  Soc.  C.  E.,  printed  in 
the  Proceedings  for  November,  1899)  is  printed  in  Proceedinga  in  order  that  the  views 
«zprefl8ed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
<See  rules  for  publication.  Proceeding*,  Vol.  zxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  March  80th,  1900.  wHl  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  pub- 
lished in  Traneactione, 
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Mr.BaUey.  CoST  OP  OPERATION. 

The  work  was  organized  as  follows: 

Filter  operation :  10  laborers,     at       $1.50  per  day. 
1  foreman      *'  2.75 

1  watchman  **  1.50        ** 

1  chemist       "  1  000 .  00  per  year. 

Pnmping  Station:   3  engineers     "        75.00  per  month. 
3  firemen        **        60.00        " 


The  working  day  is  eight  hours  for  laborers,  engineers  and  fire« 
men,  and  oyer-time  ia  paid  for  at  the  rates  named.  Occasionally,  extra 
help  has  been  hired,  and  paid  for  at  these  rates. 

The  gross  cost  of  operation,  including  payroll,  tools  which  are 
still  in  use,  repairs,  supplies  of  all  kinds,  wash- water,  etc.,  etc., 
for  the  period  from  September  5th  to  December  25th,  inclusive, 
118  days,  was  $61,64.94.  In  this  time  1470  000  000  galls,  were 
filtered,  making  an  average  of  $4.19  per  million  gallons  delivered 
from  the  filters. 

The  master  mechanic  of  the  works  gives  the  following  statement 
from  his  records,  as  the  daily  cost  at  the  pumping  station: 

3  engineers at  $2.48  $7.44 

3  firemen **  1 .98  5.94 

3  tons  coal **  2.72  8.16 

1  laborer "  1.50  1.50 

9  galls,  engine  oil **  0.09  0.81 

2  galls,  cylinder  oil **  0.11  0.22 

5  galls,  kerosene  oil ''  0.10  0.50 

51bs.  waste **  0.07  0.35 

Steam  packing,  sheet  rubber,  soap,  soda,   mops, 

cloths,  etc 6.58 

Total $31.50 


This  makes  the  average  cost  of  pumping  $2.52  per  million  gallona 
received  from  the  filters,  and  leaves  $1 .  67  as  the  cost  of  operating  the 
filters,  including  laboratory  work.  The  cost  of  scraping,  wheelings 
out,  washing  and  replacing  sand  for  the  actual  number  of  hours,  and 
exclusive  of  superintendence,  laboratory  work,  lost  time,  tools,  etc. , 
is  $1.19  per  million  gallons  treated. 
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Mr.  BaUey. 
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Mr.BaUey.  TABLE  No.  4.— Gai^lons  Fn/rBBBD  and  Houbs  Emplotbd  in  SoRAPiNe 
Fn/TEBS  AND  Whieeling  Odt  Sgrafbd  Sand. 


PnterNo. 

Sebtxcx. 

Gtadloos  Altered. 

(65^  to  be  added  for 

error.) 

SCRAPDIO. 

WaxKUHG  Out. 

HOUTB 

Hours. 

Square 
yards. 

Hoiuns. 

Barrows. 

1 

806.46 
791.66 
660.86 
1  016.60 
891.00 
688.00 
684.00 
686.00 
848.76 
688.00 
679.80 
877.00 
866.10 
470.80 
648.00 
718.60 
664.60 
666.70 
840.00 
818.70 
618.70 
647.00 
988.00 
681.00 
861.80 
518.00 
601.00 
807.80 

88  409000 
60104  000 
41457  000 
78  686  000 
86  661000 
40  671000 
44  888  000 
46  680  000 
88  877  000 
49  896000 
48  806  000 
68  406000 
88  867  000 

44  890  000 

45  767  aw 
60  717000 
68  860  000 
40488  000 
60469  000 
88  886  000 
66  868  000 
41188  000 
66  467  000 
88606  000 
88  006  000 
40497  000 
60  689  000 
66160  000 

48 
60 
46 
48 
46 
60 
47 
41 
67 
49 
44 
40 
68 
60 
49 
40 
61 
87 
48 
68 
61 
44 
44 
48 
66 
68 
60 
40 

Each  scraping  covers  an  area  of  8  408  sq.  yds. 

» 

80 
81 
88 

116 
86 
79 
88 
91 
76 
88 
98 

184 
91 
81 
81 
78 
86 
88 

109 
78 
76 
86 
09 

106 
76 
79 
78 

988 

1 

818 

1 

789 

1 

988 

8 

1  087 

8 

968 

8 

771 

8 

886 

8 

1  088 

8 

876 

8 

786 

8 

1  067 

4 

1  119 

4 

948 

4 

768 

4 

6 

890 

6 

874 

6 

808 

6 

1  007 

6 

886 

6 

808 

6 

080 

7 

886 

8 

1  106 

8 

087 

8 

806 

8 

819 

88 

16  686.60 

1866  868  000 

1  817 

96  866 

8480 

86  179 

The  filters  have  been  cleaned  26  times  in  all,  np  to  December  25th, 
or  a  little  more  than  three  times  each.  The  total  amount  of  sand 
treated,  as  measured  when  replaced,  was  850  en.  yds.  From  the  books 
of  the  foreman,  the  following  records  are  taken: 

Scraping, — 88  452  sq.  yds.  =  18.3  acres;  time,  1  227  hours  =  67 
hours  per  acre. 

Wheeling  Out  Scraped  -Sbnrf.— 23  180  barrows,  2  235  hours  =  27.3 
barrows  per  cubic  yard  =  0.38  cu.  yd.  per  hour.  The  average  length  of 
wheel,  going  and  coming,  was  600  lin.  ft .  =  1. 18  miles  per  man  per  hour. 

Washing, — 18  262  barrows,  2  068  hours,  21.5  barrows  per  cubic 
yard  =  0.41  cu.  yd.  per  hour. 

From  experiments  made  by  John  H.  Gregory,  Jun.  Am.  Soc.  C.  E. , 
who  was  Besident  Engineer  for  Mr.  Hazen  during  the  completion  of 
the  work,  the  speaker  is  informed  that  the  volume  of  winter  for  washing 
the  sand  varied  from  12  to  14  times  the  volume  of  sand  w^bed.  In 
the  cost  of  operation  the  volume  has  been  estimated  at  15,  at  a  cost  of 
90.04  per  thousand  gallons. 

RefiUing.— IS  550  barrows,  1  630  hours,  21. 8  barrows  per  cubic  yard 
=  0.52  cu.  yd.  per  hour.     This  work  was  chiefly  done  by  extra  labor. 
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The  ayerage  depth  of  scraping  was  abont|in.,  oompnted  from  the  Mr.  Bailey, 
-total  quantity  of  sand  replaced  and  the  area  scraped. 

During  the  periods  covered  by  these  scrapings,  the  filters  yielded 
1  212  000  000  galls.,  an  average  of  66  600  000  galls,  per  acre  between 
scrapings.  This  indndes  the  first. run  of  the  filters,  when  the  nn- 
naturally  turbid  water  already  mentioned  was  pumped  directly  on  the 
beds. 

Bacteria. 

Table  No.  6  shows  the  weekly  averages  of  the  bacterial  removal : 
TABLE  No.  5. 


Baotkbia  Pkb  Cubic  Cehtixbtse. 

Peroentageof 

Week  ending 

Unflltered. 

Filtered. 

removai. 

September  9 

11646 
14  068 
17480 
89600 

18  786 
11788 

0888 
4788 

6001 
5141 
7060 
11  000 

19  940 
90  016 
CT700 
66  000 
48  040 

608 
806 
878 
860 

960 
178 
86 

84 

56 

46 
60 
79 

100 
108 
148 
887 
816 

04.8 

28.".'.'!!.*!!.'!!!!.*! 

97.8 
96.6     ' 

9U 

98.8 

October       7 

96.7 

14 

96.6 

81 

99.1 

98 

98.4 

November   4 

99.1 

11 

99.1 

18 *. 

99.1 

96 

99.8 

December    9 

99.4 

fl 

99.1 

16 

99.7 

88 

99.6 

80 

99.6 

Table  No.  6  shows  in  detail  the  result  obtained  from  each  filter 
each  day.  It  will  be  noted  that  the  percentage  of  removal  is  high,  and 
that  the  bacterial  count  in  the  filtered  water  is  low. 

CoiiOB. 

The  average  color  of  the  Hudson  Biver  water  corresponds  to  0.50  to 
0.60  on  the  platinum  scale,  and  about  40^  o^  ^his  color  is  removed 
from  the  water  by  the  filters. 

TUBBIDITY. 

In  periods  of  freshet  the  water  is  very  turbid.  The  highest  tur- 
bidity reached  since  the  operation  of  the  filter  was  in  December,  when 
the  raw  water  showed  0.60.  The  effluent  then  contained  0.008.  Gen- 
erally the  raw  water  runs  about  0.035,  all  of  which  is  removed.  The 
platinum-wire  standard  is  used. 
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Mr.BaUey.  TABLE  No.  6.— Albany  Filtkb  Plant.— BAcrrBRiALRBMOVAL  btFiltebs. 


— 

Septsmbbk. 

1 

Raw 
Watkr 

1               9 

3 

4: 

5 

6 

7 

8 

Pure 
Water.- 

1 

1 

i 

S 

1 

it 

1 

11 
If 

1 

1 

11 
a 

i 

n 

OS 

^1 

I 

P 

Ii 

1 

11 

if 

1 

II 
a 

1 

1 

9, 

....!.... 

R 

4 

5 



800 
800 
608 
571 

667 

n 

11  600 
10  200 
10  860 
18  700 

600 
892 
482 
887 

94.8   766 
96.2   881 
96.1    467 
96.4   481 

98.9 
96.8 
96.8 
96.8 

»      )5.7 
81      )6.8 
a      J6.7 
a      )7.2 

666,94.8 
861 '96.6 
356  96.7 
872  97.8 

8  700 

1  800 

918 

781 

67.8 
82.4 
91.6 
W.7 

98  0 

7 

420 
487 
541 

96.9 
96.0 
96.8 

96.0 

8 
9 
10 

1  100 
878 

89.9 
98.7 

94.7 
96.9> 

11 
12 
IS 
14 
16 
16 
17 

18  200 
14  700 
14  800 
12  400 
14  TOO 
16  200 

256 
281 
182 
218 
206 
242 

96.11  266 
98.4   248 
98.7.... 
98.2   211 
98.61  287 
98.4   247 

97.9 
98.8 

98;8 
98.4 
98.4 

a      ff.8 

a    J7.8 
a    »7.8 

226*98.8 
207,98.6 
228  96.4 
286  98.0 
278  98.1 
286  98.1 

488 
440 
402 
560 
862 
875 

96.7 
97.0 
97.2 
96.6 
97.5 
97.6 

886 

289 

228 
251 

97.6 
98.0 
98.8 
98.4 
98.4 
98.8 

....194 
....214 
....220 
....197 
....200 
....216 

98.6 
98.6 
98.5 
98.4 
98.6 
98.6 

420 
294 
284 
267 
286 
298 

96.a 
98.9 
98.0 

98.1 
98.2 

18 
19 
90 

17  100 

18  900 

256 
247 

9816   276 
98.7   268 

97.4 
98.6 

282  98.6 
24198.7 

860 
846 

97.9 
98.2 

261 
250 

98.6 
98.7 

281 
221 

98.7 
98.8 

289 
273 

98.8 
98.6 

21 
22 
28 
94 

17  600 
17  100 
16  700 

248 
281 
286 

98.'6  '261 
98.6   243 
98.6   282 

98.6 
98.6 
98.6 

'626 
851 

wis 

97.9 

249 
241 
287 

98.6 
98.6 
98.6 

886 
812 
289 

98.1 
98.2 
98.2 

261 
254 
246 

97.5 
98.6 
98.5 

282 
246 
281 

98.7 
98.6 
98.6 

266 
276 
261 

98.6. 
98.4 
98.4 

25 
26 

27 
?8 

17  400 

19  800 

20  200 
27  100 
29  800 
22  800 

221 
281 
241 
197 
172 
258 

98.' 
98.i 
98.i 
99. { 
99.-! 
98.i 

r   224 
J   287 
)   229 
\   205 
I    191 
i   189 

98.7 
98.8 
98.9 
99.2 
99.8 
99.2 

816 
820 
276 
267 
240 
286 

98.2 
98.3 
98.6 
99.0 
99.2 
98.4 

246 

240 

875 

98.6 
98.8 

98:8 

261 
2r6 
261 
247 
215 
287 

98.5 
98.6 
98.7 
99.1 
99.8 
98.9 

281 
289 

241 
176 
179 

98.7 
98.8 
98.8 
99.1 
99.4 
99.2 

;;; 

219 
244 
287 

98.7 
98.7 
98.8 

260 
267 
257 
261 
244 

98.6 
98.6 
98.7 
99  0 

fl9 

98.2 

80 

" 

76696.9 

27898.8 

OcroBBB. 

1 

2 
8 

17  000 

134 

99.1 

i  .. 

4 
0 
2 
8 

2 
7 
4 
4 
4 
9 

8 
6 
5 

7 
4 

8 

6 

7 
6 
2 

8 

21 

97.9 

155  99.1 

187 

99.2 

...... 

890 

97.7 

267 

98.4 

17  am 

109 

M  < 

98  5 

162  99.1 

.::.... 

420 
890 
340 

97.6 
98.0 
98.4 
98.6 
98.6 

230 
260 
240 
264 

260 

98  7 

4|  19  400 

9H99J 

>  8: 

r  4J 

18                  96.6 
14                  99.1 
16                  98.8 
14                   98  8 

.::::  :::: 

987 

5   21  000 

71 
105 
102 

99.f 



98  9 

6    19  200 

*  64696.7 
560  97.0 

1 

280 

98  7 

7   18  mo 

, 

1 

280 

98  7 

8 
9 

'ii 

"  *i 

15  ioo* 

2^ 

98.9 

260  98.3 
240  97.9 
206,98.8 
212198.4 
165  98.0 
185  98.8 

450 

97.7 

. ..!.... 

220 

98.5 
08.6 
98.8 
98.7 
98.8 
99.2 

289,98.4 

10   11  800 

2( 
H 
2J 
1^ 
1^ 

12                  98.7 
9                   99.0 

840,97.0 

233 

170 
178 
135 
116 

97.9- 

11    12  100 

28196.1..-     .   .-'144 

m  (V 

12 
18 
14 

18  200 
820O 
10  800 

••■ 

8 
6 
8 

'i4 

12 

... 

99.0 
98.7 
99.0 

22098.8 
155  98.2 
180  98.8 

... 

170 
110 
87 

98.7 
98.6. 
98.» 

16 
17 
18 
19 
20 
21 
2fl 

"9'866* 
10  200 

10  400 

11  000 
8800 
9400 

la 
201 

99.6 
99.7 
99.8 
99.8 
99.7 
99.8 

86 
71 
82 
74 
121 
82 

99.1 
99.8 
99.7 
99.8 
98.6 
99.7 

91 
60 
86 
54 
87 
80 

99.1 
99.4 
99.2 
99.6 
99.6 
99.7 

84 
36 
25 
48 
41 
88 

99.7 
99.7 
99.8 
99.6 
99.5 
99.7 

79 
60 
46 

160 
76 

101 

99.2 
99.5 
99.6 
98.6 
99.1 
98.9 

28 
24 
25 
26 
27 
28 
f!9 

"6*966' 
7000 
8900 
4200 
8600 
2900 

la 

•  71 

61 
6! 
61 
6! 

99.5 

97;8 
97.9 
99.0 
99.8 

86 
86 
86 
80 
24 
14 

.... 
99.5 
99.5 
99.1 
99.8 
99.8 
99.6 

27 

80 
16 
26 
64 
86 

99.6 
99.6 
99.6 
99.4 
98.5 
98.8 

86194.8 
471198.3 
250,98.6 
125  97.0 
100'97.2 
165|94.8 

15 
26 

*64 
58 

99.8 
99.6 

98!2 
98.0 

126 
120 
70 
75 
68 
57 

98.2 
98.3 
98.2 
98.2 
98.4 
98.0 

80 

2  f;no 

2 

00  4 

17  99.8 

160  94.0 
165  96.3 

16 
H4 

99.4 
99  3 

87 

68 

98  5 

8i:    4  fiflO 

2        I 

6     2                   99  8 

.... 

986 
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TABLE  No.  ^^(Cantinued), 


Mr.  Bailey. 


NOVEMBKB. 


7 

p 

PURJB 

Watmi. 

1 

1 

a 

1 

11 

1 

II 

£ 

1 

1 

il 

1 

ii 

175 

97.1 

22 

99.6 

58 

99.2 

160 

97.4 

26 

99.6 

61 

99.1 

L 

27 

99.7 

57 

99.8 

m 

98.1 

9T 

98.9 

69 

99.2 

95 

98.8 

18 

99.8 

69 

99.2 

115 

98.8 

17 

99.8 

62 

99.8 

76 

98.1 

18 

99.6 

48 

98.8 

1.7 

88 

97.7 

16 

99.6 

40 

99.0 

1.2 

120 

96.6 

17 

99.5 

85 

99.0 

).8 

104 

97.9 

16 

99.7 

44 

99.1 

1.8 

65 

98.9 

27 

99.6 

45 

99.8 

.2 

89 

98.H 

85 

99.5 

67 

99.2 

i.S 

96 

98.8 

87 

99.6 

66 

99.2 

•.2 

119 

98.1 

27 

99.7 

87 

98.6 

1.0 

92 

98.9 

82 

99.6 

75 

99.1 

1  8 

28 

99.8 

88 

992 

1  A 

18 

99.8 

87 

99  1 

i8 

17 
28 
82 
29 

99.8 
99.7 
99.7 
99.8 

85 
89 
101 
112 

991 

1  8 

992i 

\  5 

992 

1  A 

992 

1.7 

67 
27 
89 

99.8 
99.9 
99.8 

115 
97 
99 

99.8 

18 

995 

18 

99  5 

.... 

December. 

1 

18  600 

1 

.2 

i           '            .8 

2 

19  900 

1 

.1 

{                       .1 

8 

'.S 

*ii                  'i 

4 

16  800 

i 

5 

18  100 

S 

.0 

i(                  .1 

6 

18  500 

1 

,8 

7 

28  900 

i 

.4 

8 

19  800 

s 

,1 

9 

28  600 

s 

.6 

.( 

... 

10 

.6 

a                 !fl 

11 

27  000 

1 

IS 

44  000 

s 

.7 

2^                         .( 

18 

65  000 

s 

.8 

2J                         .f 

14 

75  003 

s 

.9 

21                         .S 

15 

80  200 

] 

.9 

a                  .J 

16 

66O0O 

1 

.7 

»                .« 

... 

17 

A 

*5^                         '.'. 

18 

76  000 

1 

Lk 

19 

64  000 

J 

.8 

» 

81 

20 

71  000 

1 

.7 

a 

81 

21 

80  000 

s 

.8 

8( 

46 

22 

66  000 

s 

.8 

81 

47 

88 

60  000 

i 

.7 

1' 

Lk 

24 

. 

.., 

IK 

26 

40  000 

1 

.7 

11                         .< 

81 

27 

46  000 

1 

.8 

1(                         .( 

84 

28 

61000 

.8 

1!                         .B 

87 

29 

68  700 

.8 

1^                         .6 

82 

80 

56  000 

.9 

11                        A 

28 

81 

... 
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TxjruOID  FeYEB. 

Mr.  Bailey.  The  reason  for  building  the  fidters  was  the  sewage  pollution  of  the 
Hndson  Riyer  and  the  large  death  rate  from  typhoid  fever.  The 
average  n amber  of  deaths  from  this  cause  for  the  nine  years  ending 
with  1898  was  85  per  annum.  During  the  four  months  in  which  the 
filters  have  been  in  operation  seven  deaths  from  this  cause  have  been 
reported.  For  the  corresponding  months  of  the  nine  years  ending  with 
1898  the  average  number  has  been  24.  The  deaths  from  this  cause 
have  thus  been  reduced  in  the  ratio  of  24  to  7,  and  one  of  these  seven 
was  in  a  family  which  did  not  use  city  water. 
rw,B,  WmuLLU.  B.  FuiiUEB,  M.  Am.  8oc.  0.  E.— It  has  occurred  to  the 

Fuller,  speaker  that  it  would  interest  the  members  if  a  few  words  were  added 
concerning  the  details  of  construction,  of  the  Albany  Filter  Plant, 
which  present  special  features. 

The  sedimentation  basin  is  situated  close  to  the  river  bank  and  lies 
almost  wholly  in  embankment  above  the  natural  surface  of  the  ground. 
The  embankments  were  constructed  of  the  best  available  materials, 
and  with  great  care,  so  as  to  minimize  any  effects  of  after-settling;  but, 
for  tightness,  reliance  was  placed  on  a  16-in.  layer  of  puddle,  which 
covered  the  entire  bottom  of  the  basin  and  extended  up  the  sides  to 
1  ft.  above  high- water  level.  For  a  distance  of  5  ft.  below  high-water 
level,  or  to  below  the  lowest  level  to  which  the  basin  is  likely  to  be 
drawn  in  winter,  the  puddle  is  set  back  2  ft.  10  ins.  from  the  face  so  as 
to  be  beyond  injury  from  frost,  and  is  covered  with  a  2-ft.  layer  of 
gravel  and  10  ins.  of  blue  limestone  paving.  In  all  other  places  the 
puddle  is  faced  with  6  ins.  of  concrete,  to  prevent  mechanical  injury 
to  its  surface  and  to  present  an  easily  cleansed  and  smooth  surface  for 
the  interior  of  the  basin. 

The  materials  of  the  puddle  were  equal  parts  of  clay  and  a  sandy 
gravel  containing  about  40^  ^BXid  and  60^  gravel  of  all  sizes  to  about 
1  in.  in  diameter.  Clean  gravel  of  a  size  from  ^  to  1  in.  was  tried,  but 
was  not  a  success.  These  materials  were  mixed  in  a  screw-puddle,  con- 
tinuous mixer,  such  as  is  often  used  for  mixing  concrete,  water  being 
added  and  the  mixing  continued  until  all  the  clay  lumps  were  softened 
and  the  clay  had  penetrated  thoroughly  all  the  interstices  of  the  gravel. 

In  this  plastic  condition  the  puddle  was  placed  in  position  in  6-in. 
layers  over  a  larger  surface  and  left  to  dry  out.  In  the  process  of 
drying,  a  large  number  of  shrinkage  cracks  appeared  throughout  the 
mass,  but  by  thorough  ramming  these  cracks  were  closed  and  the 
entire  mass  consolidated.  This  process  was  continued  for  each  of  the 
three  layers.  The  idea  was,  that  with  the  shrinkage  cracks  closed  and 
the  excess  water  removed,  there  was  no  further  tendency  to  shrinkage, 
and  any  water  then  entering  the  puddle  would  expand  it  and  close  any 
remaining  cracks.     Some  of  this  puddle  stood  uncovered  on  1  on  1^ 
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slopes  for  over  a  year,  exposed  to  rain  and  frost,  bnt  no  cracking  or  Mr.  w.  R. 
deterioration  of  any  kind  was  noticed,  and  it  remained  as  hard  as  hard- 
pan  earth. 

The  paving  of  the  upper  sides  of  the  sedimentation  basin  is  of  bine 
limestone  blocks,  rather  larger  than  the  nsnal  size,  being  abont  10  to 
16  ins.  deep,  16  to  36  ins.  long  and  8  to  20  ins.  wide.  Two  masons  and 
one  helper  together  wonld  lay  abont  16  sq.  yds.  per  day,  and  the  labor 
cost  of  laying  the  stone  and  gravel,  including  the  teaming  of  the  mate- 
rials about  800  lin.  ft.,  was  $0.72  per  square  yard. 

The  gravel  used  in  the  joints  and  under  the  paving  was  the  waste 
from  the  filter-sand  screen.  It  was  perfectly  clean,  of  sizes  from  i  to 
to  1  in.,  the  largest  amount  being  about  f  in.,  and  made  an  ideal 
material  for  the  purpose. 

The  piping  about  the  filters  and  sedimentation  basin  was  all  of 
light-weight  cast-iron  pipe,  with  hub  and  spigot,  lead -caulked  joints. 
The  entire  system  was  laid  at  the  same  time,  the  trenches  and  all  bell 
holes  being  left  open,  and  the  joints  made  water-tight  under  a  hydro- 
static pressure  of  60  lbs.  per  square  inch,  before  making  any  refill. 

All  the  concrete  used  in  the  floors,  walls  and  vaulting,  amounting  to 
22  100  cu.  yds.,  was  machine-mixed,  especial  care  being  taken  with  the 
mixing  and  placing.  A  mixed  sand  and  gravel  was  obtained  from  the 
river  by  dredging,  and  was  brought  to  and  deposited  near  the  mixers, 
and  then  washed  and  screened  into  three  sizes-— sand,  gravel  and  tail- 
ings. The  sand  was  of  very  good  quality,  sharp  and  clean.  The 
gravel  was  of  irregular,  smooth-edged  stone  from  J  to  1}  ins.  in  dia- 
meter, but  varying  greatly  as  to  average  size  from  day  to  day,  some- 
times fine  and  sometimes  coarse.  The  tailings  were  passed  through  a 
stone  crusher  and  broken  to  sizes  ranging  from  f  to  2^  ins.  in 
diameter. 

Mechanical  analyses  of  the  sizes  of  these  three  materials  were  made 
daily  or  oftener,  and  from  these  analyses  the  proper  proportions  of  a 
mixture  of  the  three  to  give  a  minimum  number  of  voids  was  deduced. 
The  total  quantity  of  the  three  materials  used  with  a  unit  quantity  of 
cement  was  always  constant,  but  by  thus  varying  the  proportions  of 
the  ingredients  themselves,  a  very  uniform  concrete  product  was 
obtained,  independent  of  the  variation  in  the  average  size  of  any  parti- 
cular ingredient.  The  proportions  ordinarily  followed  were  1  part  of 
cement,  3  parts  of  sand,  4  parts  of  gravel,  and  1  part  of  crushed  stone. 

The  mixing  was  done  in  a  cubical  mixer,  to  which  a  measured  quan- 
tity of  water  could  be  introduced  after  the  materials  had  been  thor- 
oughly mixed  dry.  With  the  apparatus  as  used  at  Albany,  the  con- 
crete was  always  mixed  properly  and  of  the  right  consistency;  half  all 
hour's  attention  to  it,  when  starting,  insuring  uniformity  for  all  day 
unless  there  were  great  weather  changes,  in  which  case  the  quantity 
of  water  had  to  be  changed  more  frequently. 
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Mr.  w.  B.  The  transportation  of  the  concrete  from  the  mixer  and  its  deposi- 

'  tion  in  place  in  the  work,  which  had  been  described  by  the  author, 
was  ideal,  from  an  engineering  point  of  view.  From  the  time  of  taking 
the  concrete  from  the  mixer  until  it  was  pnt  in  place  800  ft.  distant 
the  interval  of  6  minntes  was  not  uncommon,  and  the  average  time 
did  not  exceed  15  minutes. 

The  cost  of  labor  and  coal  for  measuring  quantities,  and  mixing, 
loading,  transporting  and  tamping  concrete,  during  an  average  of 
about  three  months  of  the  best  organization,  was  about  as  follows : 

Measuring,  mixing  and  loading $0.20  per  cubic  yard. 

Transporting  by  rail  and  cables. ...  0.12        '<        ** 
Laying  and  tamping  on  vaulting. . .  0.14        *<        '* 
Laying   and    tamping    floors    and 
walls,  including  setting  forms...  0.22        '*        '* 

These  prices  do  no  not  include  general  superintendence,  profit  or 
cost  of  machinery. 

The  design  of  the  vaulting,  as  has  been  stated  by  the  author,  is  in 
the  form  of  an  elliptical  groin  with  dimensions  as  follows:  span,  12 
ft. ;  rise,  2  ft.  6  ins. ;  thickness  at  crown,  6  ins. ;  thickness  over  center 
of  pier,  2  ft.  6  ins.  This  work  was  figured  for  strength  according  to 
the  theory  of  the  arch,  assuming  that  brick  masonry  and  concrete 
spandrel  filling  were  to  be  used.  The  material  actually  used  was 
Portland  cement  concrete  laid  as  a  monolith  with  the  pier  in  the 
center,  and,  as  thus  constructed,  it  is  exceedingly  doubtful  if  there  is 
any  arch  action  whatever  in  the  structure.  From  recent  observations 
and  from  some  tests  made  on  small  models  the  speaker  believes  that 
such  a  groined  arch  acts  in  tension  as  an  inverted  pyramidical  dome. 
If  this  is  the  case,  the  depression  over  the  piers  could  be  increased 
materially  and  the  cost  of  the  vaulting  reduced.  Even  as  constructed, 
the  adoption  of  the  6-in.  depression  over  each  pier  saved  1  053  cu.  yds. 
of  concrete,  which  would  have  cost  $6  560  at  contract  prices. 

The  speaker  wishes  to  controvert  an  impression,  which  seems  to  be 
prevalent,  that  permanent  masonry  vaulting  is  very  expensive,  several 
recent  estimates  placing  the  cost  of  covered  filters  at  from  50^  to 
100^  in  excess  of  the  cost  of  open  filters.  The  total  extra  cost  of  the 
vaulting  at  Albany,  including  extra  thickness  of  floors,  piers,  roof 
drains,  manholes,  sand-run  entrances,  earth  covering,  etc.,  at  the 
contract  prices,  was  approximately  ^.315  per  square  foot  of  area 
inside  the  walls,  or  $13  700  per  acre,  while  the  total  cost  of  the  filters 
was  about  $45  600  per  acre;  that  is,  the  vaulting  represents  only  about 
dO%  of  the  cost  of  the  filters. 

The  lumber  of  the  centering  for  the  vaulting  was  of  spruce  for  the 
ribs  and  posts,  and  of  hemlock  for  the  lagging,  which  was  1^  and  3  ins. 
wide  and  1  in.  thick.  The  entire  centering  tqr  two  filters  was  formed 
by  machinery,  the  ribs  put  together  to  a  template,  and  the  lagging  all 
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sawed  to  proper  lengths  and  bevels.    For  the  first  two  filters  the  centers  Mr.  w.  R, 
were  pat  together  in  place,  and  were  so  constmcted  that  when  struck 
they  would  come  down  in  sections  and  could  be  moyed  forward  and 
used  in  the  corresponding  bay  of  the  next  filter. 

The  total  cost  of  the  centering  was  approximately  as  follows: 
Building  centers  covering  62  560  sq.  ft. 
Labor — 

Foreman,        436  hours,  at  $0. 85 $    152.25 

Carpenters,  4  873        «*  0.225 1096.42 

Laborers,     3  447        **  0.15 517.05 

Painters,         577        **  0.15 86.55 

Teaming,         324        '*  0.40 121.60 

$1973.87 
Materials — 

Lumber,  318  000  ft.,  B.  M «5  700.00 

NaUs,  37001bs 111.00 

Tar,  8bbls 24.00 

5835.00 

$7  808.87 

Taking  down,   moving  and  putting  up 
centers  covering  196  660  sq.  ft. 
Labor — 

Foreman,        2  359  hours,  at  $0.85 $    825.65 

Carpenters,  12  766        *•  0.225 2  872.35 

Laborers,      24062        *<  0.15 3609.30  , 

Team,  430        **  0.40 172.00  i 

$7  479.30  I 

Materials--^  ' 

Lumber,  3  000  ft..  B.  M $60.00 

Nails,       3  000  lbs 90  00 

$150.00  j 

Total $7  629.30 

7  629.30 

Total  approximate  cost $15  438. 17 

The  total  area  centered  was  259  220  sq.  ft.,  and  the  average  cost  per 
square  foot  was  6  cents,  to  which  should  be  added  general  superin- 
tendence and  a  reasonable  profit.  ! 

As  bearing  upon  the  need  of  a  covering,  for  protection  against  | 

frost,  the  following  records  for  Albany  are  quoted.  The  temperature 
of  the  air  varies  from  -f  98^  to  —  18^  Fahr.  per  annum,  the  average 
temperature  for  the  year  being  -f-  ^^  Fahr.  These  figures  are  the 
result  of  22  years*  observation  by  the  local  weather  bureau.  The  river 
is  frozen  over  from  December  16th  to  March  19th,  an  average  length 
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Mr.  w.  B.         of  93  days,  as  shown  by  an  average  of  the  records  of  75  years.     The 
^'  longest  time  in  any  one  season  in  which  the  river  has  remained  frozen 
over  was  117  days. 

There  are  other  advantages,  besides  the  prevention  of  the  formation 
of  ice,  which  enable  the  covered  filter  to  be  operated  at  a  lower  cost 
for  maintenance  than  the  open  filter,  a  few  of  which  are  as  follows: 

By  preventing  the  formation  of  algee  growths. 

By  maintaining  the  temperature  of  the  water  practically  even,  thus 
keeping  the  friction  of  the  sand  constant,  as  by  maintaining  uniform 
conditions,  improvement  of  the  filtrate  results. 

By  preventing  the  action  of  the  heat  and  the  direct  rays  of  the  sun 
in  Hummer  from  baking  the  surface  during  the  operation  of  scraping, 
thereby  occasioning  the  removal  of  a  greater  thickness  of  sand. 

By  keeping  the  surface  from  disturbance  by  wind  and  thus  allow- 
ing more  efficient  sedimentation. 

By  preventing  the  fall  of  rain  on  the  surface  during  cleaning,  which 
causes  compacting  of  the  surface  and  necessitates  re-raking. 

By  preventing  the  fall  of  snow  on  the  surface  during  cleaning, 
which  causes  the  removal  of  a  greater  thickness  of  sand. 

By  preventing  the  increase  in  cost  of  working  sand  containing 
leaves  and  algsB  growths. 

By  admitting  of  uninterrupted  scraping  of  the  filter  daring  all 
kinds  of  weather. 

As  the  extra  cost  of  vaulting  is  only  about  313  700  per  acre,  which 
by  added  knowledge  can  possibly  be  reduced  to  310  000  per  acre  in 
another  plant,  and  which  amount  at  S%  interest  represents  only  6800 
to  $400  per  year,  it  is  seen  that  in  many  places  other  considerations 
besides  that  of  protection  from  ice  would  lead  to  the  use  of  covered 
filter  beds. 
Mr.  Maignen.  P.  A.  Maignen,  Assoc.  Am.  Soc.  C.  E. — The  construction  of  the 
filters  at  Choisy-le-Roi,  near  Paris,  is  interesting.  Some  of  the  walls 
of  the  filters  are  very  thin,  being  only  2.4  ins. ;  and  their  construction 
with  what  is  termed  in  the  United  States  ** expanded  metal"  and  con- 
crete has  been  quite  satisfactory.  The  company  which  operates  these 
filters  has  built  filter  beds  120  ft.  square,  and  others  60  ft.  square. 
They  found  the  smaller  beds  better  for  solidity  and  also  because  of  the 
greater  convenience  in  cleaning. 

In  the  Albany  plant  the  sand-washing  apparatus  is  not  covered. 
The  speaker  supposes  that  it  is  the  intention  to  have  it  covered,  in  order 
that  the  washing  of  the  sand  may  not  be  delayed  by  freezing  weather. 

The  provision  made  for  preventing  the  raw  water,  which  may  go 
down  through  or  along  the  retaining  walls,  from  mixing  in  an  unpuri- 
fied  state  with  tlie  filtered  water,  is  interesting.  It  would  seem  better 
that  such  provision  be  made  at  the  top  of  the  sand  bed  instead  of  at 
the  bottom. 
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Geobgb  Hill,  M.  Am.  Soc.  C.  E. — The  paper  is  so  completely  what  Mr.  HUl. 
it  shoald  be,  it  describes  so  completely  the  way  in  which  the  work  was 
done,  its  cost  and  its  effect,  that  the  speaker  does  not  wish  to  be  under- 
stood as  offering  any  criticism  in  calling  attention  to  a  few  details 
wherein  the  cost  of  the  work  might  have  been  reduced,  without  in  any 
way  impairing  its  efficiency. 

Referring  to  Fig.  7,  it  might  be  well  to  note  that  8-in.  beams  are  too 
shallow  to  be  used  with  a  projection  of  5  ft.,  as  they  would  be  apt  to 


PLAN^HOWINQ  DISTBIBUTION  OF  EXPANDED  METAL 
Fio.  17. 

deflect  so  much  as  to  crack  the  concrete,  admitting  moisture  and  there- 
fore hastening  decay.  Fifteen-inch  beams  used  in  the  grillage  would 
have  had  five  times  the  strength,  with  but  two  and  one-half  times  the 
weight,  would  have  had  practically  no  deflection,  a  thicker  section  to 
resist  rust,  and,  being  spaced  wider,  would  have  given  more  room  to 
pack  the  concrete  between  them. 

The  steel  track  used  by  the  speaker,  and  described  in  a  previous 
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Mr.  Hill,  paper,*  would  have  been  particnlarly  applicable  for  the  handling  of 
dirty  sand,  as  mentioned  on  page  768,  and  would  have  been  found  to 
be  inexpensive.  The  speaker  has  used  it  for  coal  and  ash  tracks  carry- 
ing loads  of  500  lbs.  very  satisfactorily. 

The  principal  feature  wherein  a  saving  could  have  been  effected 
was  in  the  floor  and  covering  of  the  filtration  basins.  At  the  time 
when  estimates  were  being  made,  one  of  the  prospective  bidders  con- 
sulted with  the  speaker  regarding  the  construction  proposed  and  was 
advised  to  suggest  the  plan  shown  in  Fig.  17. 

It  is  probable  that  the  lack  of  any  published  data  regarding  the 
action  of  steel  and  concrete  in  combination,  and  especially  the  lack  of 
knowledge  regarding  the  resistance  of  continuous  slabs  supported  at 
a  number  of  points,  lead,  in  a  measure,  to  the  rejection  of  this  advice, 
if  it  ever  was  presented  by  the  bidder.  Numerous  experiments  made 
by  the  speaker  confirm  him  in  the  belief  that  the  carrying  capacity  of 
a  slab  supported  at  a  number  of  points  and  made  continuous  over 
them,  is  for  a  portion  of  the  slab  included  between  one  set  of  supports 
four  times  as  great  as  that  of  a  slab  of  the  same  sectional  area  and 
dimensions  supported  at  two  opposite  edges,  or,  for  the  sections  pro- 
posed, 660  lbs.  per  square  foot  safe  working  load. 

The  relative  costs  for  one  bay  are  as  follows: 

As  executed : 

5.8    cu.  yds.  vaulting $22.35 

8.72       "        flooring 20.15 

1.24       *•        brickwork 10.08 

Total $52. 58 

As  proposed: 

10  cu.  yds.  in  roof  slab,  supporting  column,  floor  and 

foundation 323.10 

Centering 7.47 

Expanded  metal 10.60 

Total Ul.n 

Saving  22  per  cent. 

It  will  be  observed  that  the  centering  is  far  more  simple,  and  the 
placing  of  the  concrete  less  costly.  The  ramming  of  the  concrete 
could  be  done  with  a  roller  instead  of  by  hand,  thus  effecting  a  fur- 
ther saving.  None  of  these  points  have  been  taken  into  account  in 
the  above  comparison.  The  capacity  of  the  filter  could  have  been 
increased  by  raising  the  upper  limit  of  the  filling  or  the  cost  decreased 
by  reducing  the  height  of  the  pier  and  decreasing  the  depth  of  the 
excavation. 

Transdcti&ns,  Am.  Soc.  C.  E.,  Vol.  xxxU,  p.  e80. 


Digitized 


byGoogk 


Pap«re.]        DISCUS8I0K   ON   ALBANY  FILTRATION   PLANT.  173 

A.  M.  Miller,  M.  Am.  Soc.  C.  E. — There  appears  to  be  some  mis-  Mr.  Miller, 
apprehension  as  to  the  cost  of  concrete.  The  author  states  the  price 
per  cubic  yard  paid  to  the  contractor,  but  the  Citj  of  Albany  furnished 
the  cement.  The  cost  mentioned  by  Mr.  Hill,  for  the  construc- 
tion of  the  filters,  is  exclusive  of  the  cost  of  cement.  The  author  cal- 
culates that  1}  bbls.  of  cement  per  cubic  yard  were  required,  and  this, 
at  1.93^  per  barrel,  would  add  $2.42  to  the  cost  per  cubic  yard.  This 
must  be  borne  in  mind  when  examining  the  estimates.  These  ques- 
tions, however,  as  to  details  of  costs,  strength  of  materials,  etc.,  can 
be  readily  answered. 

The  speaker  has  heard  that  the  Board  oi  Health  of  New  York  City 
has  stated  that  eventually  the  whole  of  the  Croton  water  supply,  some 
300  000  000  galls,  per  day,  must  be  filtered.  The  handling  of  such  a 
large  quantity  will  be  a  very  serious  question.  The  speaker  is  now 
considering  the  filtration  of  a  supply  of  60  000  000  galls,  per  day,  and  is 
glad  to  listen  to  those  who  have  had  some  experience  in  these  matters. 

Information  is  needed  as  to  methods  of  examining  water,  the 
quantity  or  thickness  of  sand  required  for  filtering,  the  rate  of 
filtration,  etc.,  and  Mr.  Hazen's  paper  is  very  instruetive  in  regard  to 
these  matters. 

Mr.  Bailey's  statements  in  reference  to  the  percentage  of  bacteria 
removed  are  interesting,  though  the  speaker  does  not  believe  in 
expressing  the  results  in  that  way.  For  instance,  even  though  95% 
of  the  bacteria  may  be  removed  by  filtration,  yet,  possibly  700  bacteria 
come  through,  and  thus  the  percentage  method  is  misleading. 

The  cost  of  the  filters  per  acre  is  an  important  item.  From  the 
statements  of  cost  in  the  paper  it  is  found  that  this  was  about  $45  600. 
In  the  recent  report  of  the  Board  of  Experts  on  the  water  supply  of 
Philadelphia,  the  cost  is  stated  as  about  $37  000  per  acre.  Is  the  dif- 
ference in  cost  due  to  the  used  of  covered  and  open  filters?  If  so,  what 
is  the  estimated  cost  of  the  vaulting  per  acre? 

Rudolph  Hebeng,  M.  Am.  Soc.  C.  E. — Albany  has  a  raw  water  Mr.  Hering. 
supply,  as  well  as  the  filtered  supply,  and  these  two  supplies  are 
mixed  and  stored  in  an  open  reservoir.  Mr.  Bailey's  statement  in 
reference  to  the  reduction  of  the  typhoid  fever  death  rate  applies  to 
the  mixed  waters.  If  this  death  rate  should  not  be  reduced  as  much 
as  in  other  cities  thd  filter  should  not  be  debited  with  the  discre- 
pancy, because  raw  water  is  added  to  the  filtered  water,  and  because 
both  are  stored  in  an  open  reservoir  exposed  to  the  air,  dust,  and 
other  aerial  contamination. 

In  Philadelphia  it  is  proposed  to  cover  all  filters  and  reservoirs 
containing  filtered  water.  The  difierence  between  the  cost  of  the 
Albany  filters  and  the  estimated  cost  of  the  Philadelphia  filters,  is 
due  to  the  difference  in  the  prices  of  some  of  the  materials,  and  some 
parts  of  the  design.     Otherwise  there  is  no  difference. 
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Mr.  Hering.  Mr.  W.  B.  Fuller's  description  of  the  details  of  construction  is 
interesting  and  valuable.  He  has  pointed  out  very  clearly  the  advan- 
tages of  having  covered,  rather  than  open,  filters,  and  the  probable 
additional  cost  thereof.  He  has  also  pointed  out  the  advantage  of  a 
batter  on  the  sides  to  prevent  the  formation  of  seams  which  would 
allow  raw  water  to  pass  through  the  filter  more  rapidly  than  permis- 
sible. An  expedient  which  further  helps  to  prevent  an  undue  speed 
of  the  percolating  water  through  the  larger  interstices  necessarily 
formed  between  the  sand  and  the  smooth  surface  of  the  adjoining 
wall,  is  the  transformation  of  this  smooth  surface  into  a  sanded  sur- 
face. This  is  done  simply  by  first  painting  it  with  cement  and  then 
throwing  sand  against  it.  The  sand,  which  sticks  when  the  cement 
hardens,  prevents  the  formation  of  interstices  of  excessive  size. 
Dr.  Mason.  Dr.  WiiiiiiAM  P.  Mason. — In  the  removal  of  the  taste  or  odor  pro- 
duced by  the  discharges  from  gas  works,  the  Albany  plant  has  failed, 
and  in  this,  any  plant  must,  of  necessity,  fail.  There  have  been  many 
complaints  in  Albany  in  relation  to  this  matter,  and  the  best  way  out 
of  the  difficulty  seems  to  be  to  arrange  with  the  gas  company  not  to 
put  any  of  their  waste  products  into  the  water. 

TABLE  No.  7. — Compabison  op  Costs  op  Operation  op  Filtebs  at 

AliBANY,  N.  Y.,    WITH  THOSE  IN  SeVEBAL  ExTBOPEAN    OiTIES. 

Costs  are  based  upon  an  8-hour  day  at  $1.50. 


Location  of 
Filters. 

Items. 

Time  in 
man-hours 
per  acre. 

Cost. 

Per  million 
gallons. 

Per  acre. 

Albany 

Scraping  dirty  sand  into  piles 

Wheeling  out  dirty  sand  and  leveling 
beds 

61.1 
111.0 

$0.19i 
1.18| 

$11.45 
20  81 

Washing  sand,  wheeling   it   back  to 
filter  and  leveling  the  top  :  $1.]8i  — 
(0.19i  -h  0.864)  =  io.58i 

Total  cost  of  cleaning 

"l&'M"' 

Liverpool.... 

Scraping.  (Labor,  10.91  for  10  hours 
per  day) 

\     '\f  i 

London 

(New  River.) 

Scraping  and  wheeling  out  dirty  sand, 
costs  f  18.89  per  acre,  with  labor  at 
90.98  for  10  hours,  or,  based  on  an 
8-hour  day  at  $1.50 

144.0 
400.0 
174.0 

(     26.00  J 
27.00 

London 

(Southwark 

and 
Vauxhall.) 

Scraping  and  wheeling  sand  to  sand- 
washer  costs  $88.00  per  acre,  with 
labor  at  $0.95  for  10  hours,  or,  based 
on  an  8-hour  day  at  $1.60 

75.00 

Schiedam.... 

Scraping  and  wheeling  out  dirty  sand 
costs  $10.44  per  acre,  with  labor  at 
fO.60  for  10  hours,  or,  based  on  an 
8-hour  day  at  $1.50 

82.62 

Rotterdam... 

The  mean  cost  for  filter  management 
during  10  years  has  been 

$1.68 
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The  speaker,  being  interested  in  the  subject,  has  made  some  experi-  Dr.  Mason, 
ments  in  reference  to  this  flavor  or  odor.  The  English  plan  of  filtration 
was  a  failure,  likewise  the  mechanical  filters;  but  the  speaker  has 
found  that,  after  the  water  had  been  treated  in  a  mechanical  plant,  the 
difficulty  was  overcome  by  passing  the  water  through  carbon.  The 
simplest  way,  however,  is  to  prevent  the  gas  material  from  entering 
the  water. 

The'  figrnres  in  Table  No.  7,  in  reference  to  the  operation  of  filters, 
have  been  arranged  in  such  a  manner  as  to  facilitate  comparison  with 
the  cost  of  operating  some  of  the  European  filter  plants. 

Ghables  E.  Fowleb,  Esq.*  (by  letter). — The  writer  has  had  no  ex-  Mr.  Fowler, 
perience  in  the  operation  of  covered  filters,  and,  therefore,  cannot  be 
certain  that  there  are  not  difficulties  in  their  operation  unknown  to 
him.  Jndginfsr,  however,  from  his  experience  in  the  use  of  open 
filters,  it  would  appear  that  the  usual  hindrances  to  successful  opera- 
tion had  been  entirely  removed  in  the  construction  of  the  Albany 
plant.  Indeed,  it  would  seem  that  the  only  difficulty  to  be  appre- 
hended in  the  operation  of  the  plant  would  be  the  tendency  to  place 
undue  reliance  upon  the  automatic  appliances  which,  however  perfect 
and  complete,  require  watching.  To  one  accustomed  to  battle  with 
atmospheric  conditions  in  operating  an  open  filter  plant  in  this  lati- 
tude, the  supervision  of  such  a  plant  as  described*  would  seem  a 
pleasant  pastime. 

It  is  ordinarily  understood  that  the  chief  object  to  be  attained  in 
covering  a  filter  is  to  obviate  the  difficulties  and  expense  arising  from 
the  action  of  frost,  and  this  possibly  may  be  the  chief,  but  it  is  by  no 
means  the  only,  object  to  be  sought,  at  least  in  dealing  with  a  water 
having  the  characteristics  of  the  Hudson  River  water  at  Poughkeepsie. 
The  algsB  growths  on  the  sand  in  summer  are  quite  as  troublesome 
and  almost  as  expensive  as  ice  and  frost  in  winter.  Like  ice.  they  can 
develop  on  an  unlimited  area  in  the  same  time  as  on  a  small  unit,  and 
will  stop  a  filter  and  put  it  out  of  service  just  when  it  should  be  other- 
wise doing  its  best  work.  Covering,  as  described  in  this  paper,  will 
prevent  the  development  of  algm  entirely.  During  the  summer  of 
1899  the  filters  at  Poughkeepsie  were  scraped  six  times,  from  May  Ist 
to  October  10th,  at  a  cost  of  about  $70  for  each  scraping.  Had  it  not 
been  for  algae  growths,  three  scrapings  in  that  period  would  have  been 
sufficient.  The  cost  of  the  extra  scrapings  necessitated  by  the  algse 
growths,  together  with  the  cost  of  washing  and  replacing  the  addi- 
tional sand  removed,  amounted  in  1899  to  more  than  the  cost  of 
removing  ice. 

There  is  still  another  evil  incident  to  an  open  filter  in  the  hot 
months.  It  is  essential  to  the  proper  working  of  a  filter  that,  in  scrap- 
ing, as  little  sand  as  possible  be  removed,  and  that  the  depth  removed 

*  Superintendent  and  Engineer  of  Public  Works,  Poughkeepsie,  N.  T. 


Digitized 


byGoogk 


176  DISCUBSIOK   ON   ALBANY  FILTRATION   PLANT.       [Papers. 

Mr.  Fowler,  be  as  nearly  uniform  oyer  the  entire  area  as  possible,  about  ^  in.  being 
the  ordinary  depth.  In  the  hot  months,  after  a  filter  has  been  in  use 
for  two  or  three  years,  the  surface  of  the  sand,  when  exposed  for 
scraping,  and  thus  subjected  to  the  rays  of  the  sun,  will  bake,  in  the 
course  of  a  few  hours,  to  a  depth  of  1  or  1^  ins.,  or  even,  in  extreme 
cases,  2  ins.  It  frequently  happens,  therefore,  that  in  commencing  to 
scrape  a  bed  in  the  morning  the  normal  thickness  will  be  removed, 
but  before  the  work  is  finished,  on  account  of  the  action  of  the  sun  on 
the  exposed  surface,  it  may  be  necessary  to  remove  three  or  four  times 
the  normal  thickness,  thus  lessening  the  efficiency  of  the  bed  and 
largely  increasing  the  expense  of  scraping.  The  writer,  therefore, 
from  his  experience,  would  urge  the  covering  of  filters  in  any  climate, 
particularly  for  river  waters  similar  to  those  of  th^  Hudson. 

From  the  writer's  experience  it  is  essential  that  a  filter  should  al- 
ways be  filled,  to  a  short  distance  above  the  sand  surface,  from  below. 
It  seems  impossible  to  admit  a  current  of  water  on  the  dry  sand  so  as 
not  to  wash  or  furrow  it,  and  even  after  filling,  the  escape  of  the  con- 
fined air  greatly  disturbs  the  uniform  compactness.  The  writer,  there- 
fore, notes  with  pleasure  the  completeness  of  the  arrangement  for 
filling  the  Albany  filters  from  below. 

The  writer  is  of  the  opinion  that  the  single  filters  of  the  Albany 
plant  have  as  great  an  area  as  can  be  operated  with  economy  and  effi- 
ciency. However  great  the  plant  to  be  installed,  it  should  be  com- 
posed of  units  no  greater  in  area  than  those  described.  Units  of 
lesser  area  may  be  used  where  desired;  indeed,  it  is  the  writer's 
opinion  that  no  plant,  however  small,  should  be  composed  of  less  than 
four  distinct  units  of  equal  area,  combined  as  in  the  plant  under 
consideration. 

The  quantity  of  gravel  used  appears  to  have  been  reduced  to  a  mini- 
mum. This  is  rendered  possible  by  the  concave  form  of  the  bottom. 
It  may,  however,  be  questioned  if  the  depth  over  the  collecting  pipes, 
4}  ins.,  is  sufficient  to  insure,  for  the  greatest  period  practicable, 
against  sand  reaching  the  collectors  and  obstructing  them.  When  the 
old  filter  at  Poughkeepsie,  designed  by  the  late  James  P.  Kirkwood, 
M.  Am.  Soc.  C.  E.,  was  opened  for  repairs  in  1897,  after  having  been  in 
operation  twenty-five  years,  sand  was  found  all  the  way  down  to  the 
bottom  of  the  filter,  although  the  original  dei^th  of  stones  and  gravel 
was  4  ft. 

The  depth  of  broken  stones  was  2  ft.  Above  the  stones  were  four 
courses  of  gravel,  each  6  ins.  in  thickness.  In  the  absence  of  actual 
measurement,  it  is  believed  that  the  mean  effective  size  of  the  gravel 
in  the  upper  course  was  but  little  if  any  greater  than  that  in  the  upper 
course  of  the  Albany  filters,  though  it  was  evidently  less  carefully 
screened.  One  of  the  causes  tending  to  force  the  sand  down  into  the 
gravel  was,  undoubtedly,  the  invariable  practice  of  filling  the  bed 
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t 


from  the  surface, — ^there  being  no  other  means  provided.     The  avoid-  Mr.  Fowler. 

ance  of  this  practice,  in  the  Albany  filters,  together  with  the  greater 

care  in  screening  the  gravel,  will  lessen  the  tendency  of  the  sand 

to  pass  downward ;  nevertheless,  the  writer  believes  that  some  sand 

will,   in  time,   however  remote,  reach  the  collectors,   and  that  an 

additional  thickness  of  gravel  would  prolong  that  time  in  a  ratio 

grefiter  than  that  of  the  increased  thickness.     It  seems  to  the  writer 

that  about  double  the  thickness  of  each  grade  of  gravel  over  the  top 

of  the  conductors  would  remove  the  time  of  possible  obstruction  of 

the  collectors  to  a  period  in  the  future  sufficiently  remote  to  justify 

the  additional  expense  of  construction. 

The  device  for  aeration,  numerous  small  holes  near  the  top  of  the 
vertical  extension  of  the  inlet  pipes  to  the  settling  basin,  would  seem 
to  require  the  addition  of  some  appliance  for  keeping  the  holes  clear 
and  preventing  their  becoming  closed  by  algse  and  floating  or  suspended 
matter. 

The  devices  for  preventing  undue  loss  of  head  or  pressure  upon 
the  filters,  for  observing  and  regulating  the  rate  of  filtration,  and  for 
preventing  an  excessive  rate,  appear  to  be  admirably  adapted  for  their 
respective  purposes. 

The  writer  congratulates  the  author  and  all  associated  with  him  in 
the  ddsigD  and  construction,  as  well  as  the  City  of  Albany,  upon  the 
8ucce33f  ul  installation  of  a  filtering  plant  apparently  so  nearly  perfect 
in  all  its  arrangements  for  successful  operation. 

Gbobob  W.  FuiiiiBB,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  Mr.  G.  w. 
important  paper,  dealing  with  the  largest  plant  of  its  kind  now  in  ^* 

operation  in  this  country,  is  a  valuable  contribution  to  the  subject 
of  water  purification.  In  many  ways  this  plant  shows  the  results  of 
cardful  thought  aad  of  thorough  studies  of  the  experimental  evidence 
obtained  in  this  country,  and  also  of  the  construction  and  operation 
of  municipal  planks  in  Europe. 

Comparing  the  Albany  plant  with  those  constructed  years  ago  in 
Europe  for  the  purification  of  the  general  type  of  water  of  which  the 
Hudson  Biver  is  representative,  it  is  found  that  this  plant  contains 
many  improvements.  It  is  thoroughly  modem,  embodying  the 
results  of  the  progress  of  the  last  dozen  years  in  this  particular  line. 
Por  many  years  the  construction  and  results  of  operation  of  the 
Albany  plant  will  doubtless  be  studied  by  engineers  interested  in 
water  purification. 

In  reading  this  very  interesting  paper  there  occurred  to  the  writer 
a  number  of  points  of  inquiry  and  comment,  the  principal  of  which 
are  as  follows : 

Character  of  Htukon  River  Water  with  Reference  to  Turbidity  and 
Color, — The  paper  deals  at  considerable  length  with  the  sewage  pollu- 
tion of  the  unfiltered  water,  but  leaves  the  reader  to  his  general  infor- 
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f 
Kr.  G.  w.         mation  with  regard  to  the  nature,  degree  and  duration  of  tnrbid  water 

'  which  occurs  in  the  Hudson  at  Albany.  Obviously,  this  factor  was 
of  some  significance  in  the  design  of  the  plant,  for  the  reason  that  it 
was  decided  to  construct  a  sedimentation  basin.  All  members  of  this 
Society  are  doubtless  familiar  with  the  general  facts  that  the  Hudson 
flows  through  glacial  drift  formation  and  not  through  a  clay -bearing 
region;  that  the  headwaters  of  the  river  are  in  a  mountainous  country, 
clad  in  the  winter  with  snow  which  melts  rapidly  in  the  early  spring 
so  as  to  produce  freshets;  and  that  at  Albany  the  river  is-  a  compara- 
tively short  one.  In  the  near  future  specific  information  will  pre- 
sumably be  available  on  this  subject;  but  the  writer  desires  to  inquire 
what  the  general  evidence  now  available  shows  as  to  the  amount  and 
character  of  suspended  matters  in  the  water  during  freshets;  and  also 
the  frequency,  intensity  and  duration  of  freshets. 

It  is  stated  at  the  close  of  the  paper  that  the  filtered  water  is  satis- 
factory in  appearance  regarding  color,  although  it  is  not  stated  how 
much  color  is  found  in  either  the  unfiltered  or  filtered  water.  The 
question  of  how  much  color  due  to  dissolved  organic  matters  may  be 
present  in  a  water  of  satisfactory  appearance  is  one  upon  which  there 
is  much  difference  of  opinion.  And  it  is  of  especial  significance  in 
connection  with  the  type  of  plant  adopted  at  Albany,  because,  ordi- 
narily,  it  is  possible  by  this  means  to  remove  only  about  one-third  of 
the  color  of  the  applied  water.  While  satisfactory  results  were 
doubtless  obtained  in  this  particular  instance,  this  is,  nevertheless,  an 
interesting  topic  for  discussion. 

Filtering  Materials  and  Underdrains.—Jji  connection  with  the  effi- 
ciency of  the  filter,  the  filtering  materials  and  underdrains  are  of 
prime  importance.  The  Albany  plant,  in  general  terms,  represents 
the  best  modem  theory  and  practice  in  these  particulars,  and  it  is 
here  that  this  plant  differs  most  from  the  older  ones  in  Europe.  For- 
merly it  was  the  practice  to  use  gravel  layers  much  thicker  than  was 
necessary  to  support  the  sand  and  conduct  the  filtered  water  to  the 
collecting  pipes,  and,  in  some  instances  at  least,  the  layers  were  not 
properly  graded  to  prevent  the  upper  layers  from  settling  into  the 
lower  ones.  At  the  present  time  many  reliable  data  are  available  to 
serve  in  making  these  computations.  Concerning  the  use  of  the  thin 
graded  layers  of  gravel,  there  is  no  doubt  that  they  conduce  to  both 
efficiency  and  economy.  In  the  case  of  the  Albany  plant  they  appear 
to  be  worked  out  as  finely  as  it  is  safe  to  adopt  in  practice.  In  fact, 
in  the  opinion  of  some  engineers  it  might  be  considered  questionable 
whether,  with  only  three  grades  of  gravel,  it  is  advisable  to  use  with 
the  finer  grades  such  thin  layers  as  2  to  2.5  ins.  The  experience  of 
the  writer  shows  that  ordinarily  no  difficulty  should  arise  under  these 
conditions,  but  that  rigid  inspection  of  the  work  is  necessary  to  guard 
against  the  layers  settling  together.      The  writer  desires  to  inquire  if 
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any  evidenceB  have  been  detected  of  the  sand  passing  into  and  through  Mr.  a.  w. 
the  gravel  layers.  ^^' 

The  practice  of  placing  no  gravel  layers  beneath  the  sand  within  a 
distance  of  2  ft.  4  ins.  of  the  walls  of  the  filter  is  especially  commend- 
able. If  this  had  been  adopted  in  the  older  filters  it  would  have 
doubtless  precluded  many  instances  of  unfiltered  water  reaching  the 
filtered  water  drains. 

Filter  Covers, — Although  there  are  a  number  of  open  filters  in 
service  in  the  general  section  of  the  country  in  which  Albany  is  located, 
the  question  of  the  advisability  of  covering  these  filters  is  too  obvious 
to  be  a  fitting  one  for  discussion.  The  principal  point,  in  this  con- 
nection, is  to  note  that  for  the  first  time  in  this  country  the  vaulting 
for  filter  covers  has  been  made  entirely  of  concrete.  This  departure 
results  in  economy,  and  doubtless  will  be  adopted  in  many  instances 
in  the  future. 

Pure-  Water  Reservoir  and  Control  qf  Rate  of  Filtration. — The  descrip- 
tion and  discussion  of  these  phases  of  the  plant  are  among  the  most 
interesting  parts  of  the  paper.  They  are  unusual  and  unique  in  a 
number  of  ways,  and,  while  not  such  as  to  be  a  model  type  under  many 
conditions  elsewhere,  they  appear  to  serve  their  purpose  admirably  in 
this  case  and  to  be  based  on  sound  reasoning. 

Cost  of  Filters, — The  cost  of  these  covered  filters,  $45  600  per  acre, 
exclusive  of  land  and  engineering,  is  much  less  than  the  general 
figures  obtained  from  other  and  earlier  plants.  While  there  is  no 
doubt  that  efficient  and  durable  filters  of  this  type  can  be  built, 
ordinarily,  much  more  cheaply  than  has  been  generally  considered  to 
be  the  case,  yet  the  conditions  for  construction  at  Albany  were 
usually  favorable  in  a  number  of  ways,  as  follows: 

1.  The  filter  site  was  a  level  tract  of  land,  requiring  practically  no 
grading  and  no  excavation  other  than  that  necessary  to  obtain  material 
for  the  embankments. 

2.  Very  little  rock  excavation  was  required. 

3.  The  floor  of  the  filters  rests  on  blue  or  yellow  clay,  as  compared 
with  the  quick-sand  and  the  made  land  which  would  be  encountered  in 
some  localities. 

4.  The  conditions,  apparently,  were  free  from  complications,  and  re- 
quired no  very  expensive  steps  relative  to  the  exclusion  of  ground- 
water from  the  plant.  Concerning  the  leakage  of  the  filtered  water, 
in  the  event  of  cracks  in  the  fairly  light  masonry,  the  ground-water 
level  would  cause  the  loss  of  water  to  be  very  small,  compared  with 
conditions  found  elsewhere. 

5.  Construction  materials  were  much  cheaper  at  the  time  the  Albany 
contracts  were  let,  than  at  present. 

6.  The  site  was  very  favorably  located  with  reference  to  securing 
and  delivering  the  various  materials  of  construction. 
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Mr.  G.  w.  7.  With  open  filters,  heavier  masonry  in  some  respects  wonld  be 

Fuller,  required  than  in  the  case  of  covered  filters. 

In  noting  these  points,  in  regard  to  which  Albany  was  very  fortu- 
nate, it  is,  of  coarse,  obvions  that  they  do  not  detract  from  the  merit  of 
this  paper  on  a  plant  which,  in  the  writer's  opinion,  is  entitled  to 
great  praise. 
Mr.  Whipple.  Geoboe  C.  WHIPPLE,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The 
writer  wishes  to  express  his  appreciation  of  the  service  which  the 
Water  Department  of  Albany  has  rendered  to  the  public  in  the  con- 
struction of  the  filter,  so  well  described  by  Mr.  Hazen.  Not  only  will 
this  filter  prove  a  blessing  to  the  citizens  of  Albany  by  the  saving  of 
lives,  but  it  will  stand  as  a  model  for  American  engineers  and  an  object 
lesson  to  certain  American  cities  which  have  been  negligent  in  protect- 
ing themselves  from  the  dangers  of  their  polluted  water  supplies. 

The  brief  period  during  which  the  Albany  filter  has  been  in  opera- 
tion is  not  sufficient  to  show  exactly  the  degree  of  purification  of  the 
Hudson  River  water  whieh  will  be  attained  permanently,  but  the  fig- 
ures presented  by  Mr.  Bailey  show  that  already  good  results  are  being 
obtained,  and  that  the  bacterial  efficiency  is  improving  steadily. 

On  the  other  hand,  it  has  been  found  that  there  are  certain  things 
which  the  filter  will  not  do.  It  will  not  remove  all  the  coloring  mat- 
ter from  the  water.  Experts  realize  that  this  is  not  to  be  expected, 
but  the  ordinary  consumer  does  not  understand  why  the  filtered  water 
should  not  be  colorless.  Experiments  have  shown  that  simple  sand 
filtration  is  not  capable  of  removing  more  than  about  one-half  of  the 
coloring  matter  from  water,  under  favorable  conditions,  and  that  ordi- 
narily the  amount  of  reduction  is  not  more  than  one-third  or  one- 
fourth.  Mr.  Bailey  has  stated  that  the  color  reduction  at  Albany  thus 
far  has  been  about  40%,  the  color  of  the  applied  water  being  at  times 
as  high  as  0.50  or  0.60  on  the  platinum  scale.  The  removal  of  color  by 
anew  filter  is  usually  greater  than  by  one  which  has  been  long  in  use, 
and  it  is  probable  that  this  percentage  of  removal  cannot  be  always 
maintained.  The  removal  of  coloring  matter  from  the  Hudson  River 
water  by  the  sand  filters  at  Poughkeepsie  is  shown  by  the  following 
figures  taken  from  analyses  made  at  various  times  by  Dr.  T.  M.  Drown: 

Feb.,   Nov.,  Dec.,  Jan.,  Apr., 
1891.    1891.   1891.   1892.   1894. 

Color  of  applied  water 0.233    0.15    0.60    0.38    0.30 

Color  of  filtered  water 0.19      0.10    0.65    0.40    0.25 

Percentage  of  reduction  of  color.  .17         33         17 

In  the  spring  of  1899,  the  writer  obtained  the  following  results  from 
the  Poughkeepsie  filter : 

Color  of  Hudson  River  water 0.32 

Color  of  tap  water  in  Poughkeepsie 0.26 

Percentage  of  removal  of  color 19 
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It  has  been  found  at  Albany  that  Band  filtration  is  not  always  ef-  Mr.  Whipple, 
fective  in  removing  certain  odors  from  the  applied  water.  Professor 
Mason  has  aliaded  to  the  odor  imparted  to  the  water  of  the  Back  Chan- 
nel by  waste  material  discharged  from  the  gas-works,  and  which,  not 
being  removed  by  the  filter,  caused  some  complaint  from  the  consnmers. 
This  matter  of  odor,  in  water  which  is  to  be  purified,  should  not  be 
overlooked  by  engioears  when  considering  filtration  works.  Inasmuch 
as  sand  filtration  cannot  be  depended  upon  to  remove  such  odors  as 
those  observed  at  Albany,  it  is  essential  that  the  applied  water  should 
be  freed  from  them,  and  it  is  a  case  where  prevention  is  easier  than 
cure. 

Many  American  streams  receive  large  amounts  of  factory  refuse, 
and  in  such  cases  filtration  alone  may  not  always  render  the  water 
palatable.  The  refuse  should  be  purified  before  it  is  allowed  to  enter 
the  streams.  Sometimes  very  large  streams  become  affected  with 
odors  from  factory  wastes.  The  Schuylkill  Biver  at  Philadelphia  is  a 
case  in  point.  A  few  years  ago  the  water  in  certain  sections  of  Phila- 
delphia acquired  a  disagreeable  odor  which  resembled  that  of  creosote 
as  much  as  anything.  Through  the  courtesy  of  John  0.  Trautwine,  Jr. , 
Assoc.  Am.  Soc.  C.  E. ,  the  writer  was  given  the  opportunity  to  make 
some  observations  as  to  the  cause  of  this  odor.  Samples  of  water 
were  collected  in  various  parts  of  the  city  and  examined  physically 
and  microscopically.  The  character  of  the  odor  showed  that  it  was 
not  due  to  microscopic  organisms,  and  no  odor-producing  organisms 
were  found  in  the  water.  The  odor  was  apparently  due  to  manufac- 
turing waste,  and  suspicion  fell  upon  certain  paper  mills  a  few  miles 
above  the  city  from  which  large  volumes  of  refuse  material  were  dis- 
charged at  certain  times  during  the  day.  Samples  of  water  collected 
from  the  river  had  the  same  odor  as  that  observed  in  the  city,  and  near 
the  mill  where  the  refuse  material  was  supposed  to  be  discharged,  the 
odor  was  very  decided.  The  microscopical  examinations  of  the  sam- 
ples showed  the  presence  of  fragments  of  wood  fiber  in  the  river  water 
and  in  some  of  the  samples  of  tap  water.  The  samples  which  con- 
tained the  largest  amounts  of  wood  fiber  gave  in  general  the  strongest 
odors.  Furthermore,  it  was  the  testimony  of  many  individuals  that 
the  odor  was  not  of  equal  intensity  throughout  the  day,  this  being  due, 
apparently,  to  intermittent  discharges  from  the  mills. 

There  is  one  feature  of  the  operation  of  the  Albany  filter  which  will 
be  watched  with  interest  by  biologists,  namely,  the  storage  of  the 
filtered  water  in  an  open  reservoir.  It  has  become  a  well -recognized 
principle  in  this  country  that  ground  waters  cannot  be  stored  in  reser- 
voirs exposed  to  the  light  without  liability  to  deterioration  from 
troublesome  algse  growths;  and  the  question  has  already  presented 
itself  to  the  minds  of  some  as  to  whether  the  water  supply  at  Albany 
will  not  some  day  suffer  from  this  cause.     Time  alone  will  tell  whether 
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Mr.  Whipple,  their  fears  will  be  realized.  That  diatoms  and  other  microscopic 
organisms  will  develop  to  some  extent  in  the  stored  water  is  to  be 
expected,  but  the  experience  of  Lawrence  and  of  Poughkeepsie  would 
indicate  that  the  chances  of  serious  trouble  from  such  growths  are 
not  very  great.  In  this  connection  the  writer  desires  to  ask  the  author 
whether  microscopical  examinations  of  the  water  in  the  reservoir  ha^e 
shown  as  yet  any  tendency  of  the  microscopic  organisms  to  develop; 
whether  the  reservoir  into  which  the  filtered  water  is  pumped]  has  been 
recently  cleaned;  and,  if  not,  whether  there  exists  at  the  present  time 
any  considerable  amount  of  sediment  at  the  bottom  of  the  reservoir. 
Experience  with  the  reservoirs  of  the  Brooklyn  water  supply,  where 
mixed  ground  water  and  surface  water  is  stored  in  open  sunlight,  has 
shown  that  the  deposits  which  form  at  the  bottom  of  the  reservoirs 
have  an  important  influence  on  the  development  of  the  microscopic 
organisms. 

Allusion  has  been  made  to  the  growth  of  algse  upon  the  surface  of 
open  filters  and  to  the  annoyance  which  they  cause  in  the  operation  of 
the  filter.  Some  interesting  studies  of  the  growths  of  microscopic 
organisms  over  the  sand  have  been  made  recently  by  Dr.  Otto  Stroh- 
meyer,  of  Hamburg,  and  Dr.  Ad.  Kemna,  of  Antwerp.  A  brief  account 
of  their  observations,  with  some  additional  studies  made  by  the  writer, 
may  not  be  out  of  place  in  this  discussion. 

At  Hamburg  it  has  been  the  custom  for  a  long  time  whenever  a 
filter-bed  was  scraped  to  examine  microscopically  the  surface  film  over 
the  sand  and  to  record  the  organisms  present.  Microscopical  examina- 
tions of  the  water  of  the  Elbe  Biver  have  also  been  made.  Much  atten- 
tion has  been  given  to  the  careful  enumeration  of  the  dififerent  species, 
and,  for  the  most  part,  the  methods  of  the  planktologists  have  been 
followed.  The  observations  have  shown  that  there  is  a  regular  seasonal 
succession  of  organisms  which  develop  on  the  sand.  During  the  winter 
the  diatoms  alone  are  represented,  but  certain  species  sometimes  develop 
in  great  abundance.  It  is  during  the  spring  and  fall,  however,  that 
the  diatoms  attain  their  maximum  growth.  The  green  algsB  appear  in 
the  spring  and  increase  during  the  summer.  The  blue- green  algee  are 
present  in  large  numbers  during  the  late  summer,  their  growth  usually 
continuing  until  cold  weather.  Substantially,  the  same  seasonal  dis- 
tribution was  observed  at  Antwerp.  It  is  interesting  to  note  that  it 
corresponds  with  the  seasonal  distribution  of  the  microscopic  organ- 
isms repeatedly  observed  in  various  lakes  and  reservoirs  of  this 
country. 

At  Antwerp  similar  studies  of  the  surface  scums  have  been  syste- 
matically made,  but  somewhat  different  methods  have  been  followed. 
The  work  has  been  carried  on  at  the  Waelham  laboratory  of  the  Antwerp 
Water- Works  Company.  Chief  attention  has  been  given  to  the  domi- 
nant forms.     The  actual  numbers  of  organisms  present  have  not  been 


Digitized 


byGoogk 


Papers.]       DISCUSSION   ON   ALBANY   FILTRATION   PLANT.  183 

recorded,  but  the  results  have  been  expressed  in  proportionate  parts  Mr.  Whipple, 
of  the  total  number  present,  on  a  scale  of  ten,  as  follows: 

Coscitiodiscus 4J 

Mehsira 4 

CydoteUa.   _li 

10 
On  this  date  (Oct.  7),  therefore,  the  predominant  forms  were  Coscino. 
discus  and  Melosircu    At  another  time  the  following  genera  were  present : 

Mehsira  varians 6 

FragiUxria  capucbia 4 

Spirogyra ^_J. 

lU 
In  this  country  similar  results  have  sometimes  been  expressed  in 
"number  of  organisms  on  1  sq.  cm.  of  sand."  The  following  repre- 
sents the  results  of  a  microscopical  examination  of  the  film  at  the  top 
of  an  experimental  sand  filter.  The  sample  was  collected  in  March, 
after  the  filter  had  been  in  operation  nearly  two  months: 

Number  of  organisms 
over  1  sq.  cm.  of  sand. 

JOiutomncece:  i^  standard  units.*) 

AsterioneUa 278  000 

CymbeUa 130  000 

J^fOoma 150  000 

Mehsira 10  000 

Meridian  ." 25  000 

Navicula 7  700 

Stephanodiscus 6  500 

Svriedra 1  100  000 

TabeUaria 2  390  000 

Chhrophyceoe: 

Chsterium 1  200 

Scenedesmus 800 

Prohcoocus 60  500 

Conferva 12  000 

Spirogyra 5  500 

Cyanophycece: 

ChroOcoccus 5  300 

OsciUaria 84  000 

Protozoa: 

TrctcJiehmanas 16  000 

Ciliata 5  000 

Peridinium 4  000 

Tintinnus 14  000 

Mallamonas 800 

Synura 6  000 

CodaneUa 400 

Botifera: 

Anurcea 800 

Potycerthra 1  000 

Synchoeta 8  000 

Total  organisms 4  324  500 

Amorphous  matter 2  300  000 

*  One  standard  unit  equals  400  square  microns. 
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Mr.  Whipple.  The  organiBms  which  develop  over  the  s-orface  of  a  sand  filter  may 
be  grouped,  for  practical  purposes,  into  three  classes :  those  which 
form  a  matting  upon  the  sand;  those  which  are  attached  to  the  sand 
but  extend  upward  in  filaments  or  sheets;  and  those  which  are  free- 
floating  in  the  water.  Perhaps  it  would  be  better  to  say  that  the 
organisms  are  found  in  these  three  conditions,  because  the  same 
organism  is  sometimes  found  now  on  the  sand  and  now  above  it. 

The  effects  of  these  three  groups  of  organisms  upon  the  operation  of 
the  filter  are  not  the  same.  The  most  important  effect  is  that  pro- 
duced by  those  organisms  which  form  a  matting  upon  the  sand.  The 
diatoms  and  the  unicellular  algss  are  here  chiefly  concerned.  By  their 
growth  they  form  a  more  or  less  gelatinous  film  upon  the  surface,  and 
as  this  film  becomes  denser,  the  rate  of  filtration  is  retarded  until 
finally  it  becomes  necesssery  to  scrape  the  filter.  The  algse  which  grow 
erect  upon  the  sand  do  not  thus  clog  the  filter.  On  the  contrary,  they 
prevent  clogging  to  some  extent.  Their  waving,  interlaced  threads 
act  as  a  sort  of  preliminary  strainer,  removing  from  the  applied  water 
some  of  the  suspended  matter  which  would  otherwise  collect  on  the 
sand.  This  action  continues  as  long  as  the  plants  are  in  good  condi- 
tion and  as  long  as  the  evolution  of  gas  is  suflicient  to  cause  flotation. 
When  they  begin  to  decay  or  when  they  become  overloaded  with 
foreign  matter  they  settle  to  the  bottom  and  help  to  clog  the  filter. 
K'enma  found  that  at  Antwerp  Hydrodictyon  was  the  most  effective 
organism  in  this  process  of  preliminary  straining.  The  free-floating 
forms  have  little  influence  on  the  rate  of  filtration  as  long  as  they 
remain  in  suspension,  although,  to  some  extent,  they  too  play  a  part 
in  the  preliminary  clarifying  process.  But  ullimately  most  of  them 
reach  the  surface  of  the  sand  and  help  to  clog  the  filter. 

Not  only  do  the  algse  growths  over  a  sand  filter  affect  the  rate  of 
filtration  and  the  frequency  of  scraping,  thereby  increasing  the  cost  of 
filtration;  but  they  exercise  an  important  infiuence  upon  the  efficiency 
of  the  filter.  It  sometimes  happens  that  the  growth  of  the  algee  is  so 
vigorous  and  the  evolution  of  gas  so  abundant  that  great  masses  of 
the  organisms  rise  in  the  water,  carrying  with  them  patches  of  the 
surface  film  and  leaving  bald  spots  on  the  sand  through  which  the 
water  passes  at  too  high  a  rate,  with  consequent  loss  of  bacterial 
efficiency.  At  Antwerp  the  filter  attendants  watch  for  this  phenomenon, 
and  reduce  the  rate  of  filtration  if  necessaiy.  It  seems  probable,  also, 
that  decomposition  of  the  organisms  at  the  surface  affects  the  filtered 
water  unfavorably. 

During  the  course  of  the  year  the  character  of  the  fiora  changes. 
This  change  is  often  gradual,  but  at  times  is  very  rapid.  Kemna  has 
noticed  that  at  the  time  when  certain  organisms  are  rapidly  disap- 
pearing from  the  sand  the  efficiency  of  filtration  is  impaired.  He 
attributes  this  to  the  changed  condition  of  the  surface  film  caused  by 
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the  decomposition  of  the  organisms,  but  suggests  that  changes  in  the  Mr.  Whipple, 
bacterial  flora  maj  also  play  an  important  part.     In  a  recent  publica- 
tion* Dr.  Ad.  Kemna  cites  the  following  interesting  experience  with 
AncUxena: 

During  the  hot  weather  of  July,  1899,  Anabcena  became  abundant 
over  some  of  the  Antwerp  filter  beds.  Knowing  the  character  of  this 
organism  and  its  tendency  to  impart  an  odor  to  the  water,  he  kept  a 
careful  watch  of  the  filters,  collecting  samples  of  the  filtered  water 
twice  a  day  and  testing  them  as  to  their  odor  and  the  amount  of 
ammonia  they  contained.  As  long  as  the  Anabcena  remained  in  a 
living  condition  in  the  water  over  the  sand,  the  filtered  water  was  satis- 
factory, but  when  the  organisms  disappeared,  on  the  advent  of  cold 
weather,  the  filtered  water  acquired  a  bad  taste  and  the  amount  of 
ammonia  increased. 

The  studies  made  at  Hamburg  and  at  Antwerp  show,  with  appar- 
ent conclusiveness,. that  when  the  vegetation  over  a  sand  filter  is  in  a 
living  condition,  it  is  a  positive  aid  to  the  efficiency  of  filtration, 
though  it  increases  the  cost  of  operation.  Most  of  the  microscopic 
organisms  have  a  coating  which  is  somewhat  gelatinous,  and  in  many 
cases  the  gelatinous  material  is  very  abundant.  The  diatoms  and 
other  organisms  which  grow  directly  on  the  sand  aid  in  the  formation 
of  the  surface  film  on  which  the  efficiency  of  filtration  largely,  but  not 
solely,  depends.  This  fact  has  been  understood  for  many  years.  The 
surface  film  forms  through  bacterial  agency  on  covered  filters  as  well 
as  on  open  filters,  but  on  the  latter  its  formation  is  assisted  by  the 
microscopic  organisms. 

TABLE    No.     8. — The    Influence     op     Growino    Enteromorpha 
Intestinalis  upon  Water  Bacteria.     (Direct  Sunlight.) 


Date. 

Hour. 

Tempera- 
ture. 

NUMBEB  OF  BACTBRIA  PER  CUBIC 

Centimbtbb. 

Culture  of 
Enteromorpha. 

Water  without 
Enteromorpha. 

July  6th. 

9  p.  M. 

6  a.m. 
9  a.  m. 

8  P.M. 

7  p.m. 

9  p.  M. 

18°  Cent. 
18"      - 
18.5»  " 

2r      " 

128 

1S6 

98 

6 

0 

122 

"    7th 

164 

"    7th 

210 

"    7th 

682 

"    7th 

987 

"    7th 

1280 

The  experiments  of  Strohmeyer,  at  the  laboratory  of  the  Hamburg 
"Water-Works,  have  shown  that  some  algae  exercise  a  sterilizing  influ- 
ence upon  the  water  in  which    they    develop.      Enteromorpha,  for 
example,  is  a  green  alga  which  is  often  very  abundant  on  the  filter 
*"  Lee  Eaux  Potables,  Extrait  de  la  Belgique  Mddicale.'' 
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Mr.  Whipple,  beds  durijQg  the  Bummer.  Strohmeyer  selected  and  carefnlly  cleaned 
some  of  the  young,  growing  filaments  of  this  organism  and  put  them 
in  flasks  which  contained  about  300  c.  c.  of  water,  adding  also  1.5  c.  c. 
of  a  sterile  culture  solution.  Other  flasks  of  water  were  similarly 
prepared,  but  without  the  algaB.  Pairs  of  these  flasks,  with  and  with- 
out the  algaB,  were  subjected  to  similar  conditions  of  light  and  temper- 
ature, and  their  bacterial  contents  determined  at  intervals  of  a  few 
hours  for  several  days.  The  result  of  one  of  these  experiments  is 
given  in  Table  No.  8. 

The  figures  show  that  at  the  beginning  of  the  experiment  the 
bacterial  contents  of  the  two  flasks  were  practically  the  same.  After 
standing  for  eight  hours  in  the  dark,  the  bacteria  increased  slightly  in 
both  flasks.  After  fourteen  hours'  exposure  to  direct  sunlight,  the 
water  in  the  flask  which  contained  the  growing  algsB  was  practically 
sterile,  while  in  the  other  flask  the  development  of  the  bacteria  con- 
tinued uninterruptedly.  A  similar  experiment,  carried  on  for  a  longer 
period  in  diffused  light,  gave  the  results  shown  in  Table  No.  9. 


TABLE    No.     9. — The  Effect  of  Gbowing  Enteromorpha  Intes- 
TiNALis  UPON  Wateb  Baotbbia.     (Diffused  Light.) 


Date. 

HOUB. 

TXMPERA- 

TURB. 

Culture  of 
Enteromorpha, 

Water  without 
Enteromorpha. 

July  4th 

11.80  a.m. 

8         P.M. 
6         P.M. 

8.80  a.m. 

8  P.M. 

6.80  P.  M. 

9  A.  M. 

7.80  p.m. 

18»  Cent. 

146 

160 

158 

1  100 

180 

7 

24 

0 

108 

"  4th...  .:.....:;...:: 

18» 
18* 
170 

18» 
18« 
18«' 
18. 6« 

K 
k 

144 

»*     4th 

848 

"     6th 

6  900 

"     6th 

96  000 

"     6th 

60  000 

"     6th 

68  000 

"     6th 

80  000 

Here  the  development  of  bacteria  in  the  flask  without  the  algae 
was  more  vigorous  than  before,  but  the  sterilizing  action  was  less 
vigorous,  as  might  be  expected.  Other  experiments  with  Spirogyra, 
Gladophora  and  SUchococcus  gave  similar  results.  Whether  the  steriliz- 
ing action  produced  by  the  growth  of  the  algse  was  due  to  the  effect 
of  the  gases  liberated  or  to  some  other  cause  was  not  definitely 
determined. 

What  is  true  of  these  filamentous  algad  is  probably  true  of  many 
other  microscopic  organisms,  and,  not  only  of  the  green  algSB,  but  of 
the  diatoms  and,  perhaps,  the  blue-green  algae.  At  the  time  when 
Anaboena  was  present  on  the  Antwerp  filters,  Eemna  observed  that  it 
was  not  equally  abundant  on  all  the  beds,  and  that  with  the  beds 
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-where  it  was  most  abundant  there  was  not  only  less  clogging  of  the  Mr.  Whipple. 

sand,  but  an  increased  degree  of  pnriflcation. 

The  writer  has  had  frequent  occasion  to  observe  the  reduction  of 

the  number  of  bacteria  in  water  by  growths  of  microscopic  organisms. 

The  following  case  is  very  striking:  A  pond,  with  an  area  of  40  acres 

and  a  capacity  of  42  000  000  galls.,  was  affected  with  an  immense 

growth  of  Ckiihroa/gtis  which  appeared  in  the  spring  and  continued 

until  the  late  autumn.     At  times  the  water  contained  20  000  standard 

units  of  these  organisms  per  cubic  centimeter.     The   water   that 

entered  the  pond  was  polluted,  and  the  number  of  bacteria  in  it  was 

seldom  lower  than  1  000  per  cubic  centimeter,  and  was  often  much 

higher.     At  the  same  time  the  number  of  bacteria  in  the  water  at  the 

outlet  of  the  pond  was  very  low.     On  one  occasion  the  following 

results  were  obtained,  and  these  are  typical  of  the  conditions  which 

prevailed  for  several  months: 

Number  of  Bacteria  per 
cubic  centimeter. 

Average  of  the  influent  streams 1  400 

Average  of  samples  throughout  the  pond 27 

Sample  at  the  outlet 36 

A  series  of  examinations  of  samples  collected  at  the  outlet  of  the 
pond  during  an  entire  year  gave  the  following  results : 

Number  of  bacteria  Number  of  etandard 
per  cubic  centi-      Units  of  Clathroeyt- 
meter.  tis  per  cubic, 

centimeter. 

January 120 

February 1  100  800 

March 1500  0 

April 338  680 

May 370  2  320 

June 139  14  600 

July 60  17  200 

August 104  11 700 

September 245  8  750 

October 540  8  970 

November 840  1150 

December 1  243  650 

These  figures  show  that  the  number  of  bacteria  at  the  outlet  of  the 
pond  varied  inversely  with  the  amount  of  CUdkrooysHs  present.  In 
this  case  a  part  of  the  reduction  of  the  bacteria,  at  least,  appeared  to 
be  due  to  a  mechanical  action  by  which  the  bacteria  were  engulfed  in 
the  mass  of  jelly  in  which  the  cells  of  CkUhrocystis  were  embedded. 
Microscopical  examination  of  the  Glathrocysiis  showed  that  various 
kinds  of  bacteria  were  present  in  this  gelatinous  mass — micrococci, 
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Mr.  Whipple,  long  bacilli,  short  bacilli,  singly  and  in  groups.  The  bacteria  thus 
absorbed  maj  or  may  not  have  been  in  a  Hying  condition,  but  at  least 
they  were  incapable  of  developing  on  the  gelatin  plate.  Microscopical 
examination  of  the  cultures  in  the  Petri  dishes  showed  that  in  very 
few  instances  was  a  mass  of  Glathroci/sHs  the  nucleus  of  a  colony  of 
bacteria.  Laboratory  experiments  were  equally  suggestive  of  the 
action  of  Clathroct/stis  on  bacteria.  A  water  which  contained  430  bac- 
teria per  cubic  centimeter  was  mixed  with  an  equal  volume  of  a  water 
very  rich  in  GkUhroct/sHs,  which  contained  but  39  bacteria  per  cubic 
centimeter,  and  shaken  vigorously.  Plate  cultures  of  the  mixed 
waters  resulted  in  the  development  of  only  60  bacteria  per  cubic  centi- 
meter. Other  experiments  of  a  similar  character  corroborated  these 
results. 

In  the  reservoirs  of  the  Brooklyn  Water- Works,  it  has  been  observed 
repeatedly  that  when  AsterioneUay  Synedra  and  other  organisms  have 
been  present  in  great  abundance,  the  numbers  of  bacteria  have  been 
unusually  low.  There  is  some  reason  to  believe  that  the  microscopic 
animal  growths  tend  to  reduce  the  number  of  bacteria  in  water  by 
consuming  them  as  food.  The  relation  between  the  water  bacteria  and 
the  lower  forms  of  microscopic  plants  and  animals  is  certainly  an 
intimate  one,  and  the  subject  is  one  which  deserves  careful  study,  as 
it  is  not  only  important  in  connection  with  filtration,  but  has  a  direct 
bearing  upon  the  self- purification  of  streams  and  other  natural 
phenomena. 
Ur.  Rafter.  GsoBOE  W.  Bapteb,  M.  Am.  Soc.  G.  E.  (by  letter). —This  paper  pre- 
sents, in  an  interesting  manner,  the  detail  of  a  continuous  filtration 
plant  constructed  substantially  on  lines  followed  for  many  years  in 
England,  and  on  the  Continent  of  Europe  generally.  The  cost  of  the 
plant  per  unit  area  is  lower  than  that  of  the  European  plants,  which 
is  attributed  to  the  favorable  conditions  at  Albany.  Basing  his  view 
on  perhaps  casual  study  of  filtration  plants  abroad,  the  writer  is, 
however,  disposed  to  say  that  the  decrease  in  cost  is  partly  due,  at 
any  rate,  to  somewhat  less  elaborate  construction  than  is  common 
there.  The  extensive  use  of  concrete  has  also  contributed  to  keep  the 
cost  within  moderate  limits. 

The  author  has  referred  to  studies  of  the  flow  of  the  Upper  Hud- 
son, made  by  the  writer.  The  cited  figure  of  1  657  cu.  ft.  per  second, 
minimum  flow,  is  probably  not  far  from  right,  although  in  the  summer 
of  1889,  for  a  few  days,  the  flow  may  have  been  as  low  as  1  200  to  1  300 
cu.  ft.  per  second. 

Table  No.  10  gives  the  run-off  of  the  Hudson  Baver  in  cubic  feet 
per  square  mile  per  second,  for  a  period  of  12  years,  from  1888  to  1809, 
inclusive.  These  figures  do  not  represent  the  natural  flow  of  the 
spring  months,  which  are  modified  by  a  lumberman's  storage  of  from 
3  000  000  000  to  4  000  000  000  cu.  ft.     The  Indian  Lake  Reservoir,  of 
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4  470  000  000  cu.  ft.  content,  was  also  brought  into  use  in  1899,  the  Mr.  Rafter, 
storage  therefrom  being  discharged  into  the  stream  during  July, 
August  and  September.     Had  it  not  been  for  this  large  artificial 
inflow,  the  minimum  of  these  months  would  have  been  considerably 
lower  than  shown. 

TABLE  No.  10.— Run-Ofp  op  Hudson  Biyeb  at  Mechanioviu^,  fob 
THE  Water  Years,  1888  to  1899,  Inolusivb,  in  Cubic  Feet  peb 
Second  peb  Square  Mile  of  Catchment  Abea. 

(Catchment  Area  =  4  500  Square  Miles). 


In  his  statements  relating  to  cracks  in  the  walls,  the  author  appar- 
ently assumes  that  cracks  in  masonry  are,  on  the  whole,  to  be  expected. 
This  has  always  seemed  to  the  writer  so  far  an  erroneous  view  that  h6 
is  disposed  to  say  that  even  in  our  severe  winter  climates,  cracks  in 
concrete  masonry  ought  not  to  occur.  At  any  rate,  this  general  state- 
ment may  be  made  for  walls  of  any  considerable  thickness.  For  thin 
walls,  the  statement  may  possibly  be  modified  somewhat,  although 
there  are  certainly  cases  of  such,  of  considerable  length,  free  of  cracks. 

The  writer  is  disposed  to  assign  lack  of  cleanliness  as  a  prolific 
source  of  so-called  temperature  cracks.  As  a  general  statement,  for 
walls  as  long  as  those  referred  to  by  the  author,  the  elasticity  of  the 
mortar  ought  to  take  care  of  expansion  and  contraction.  But  this 
implies  thorough  adhesion  of  the  mortar.  The  chief  remedy  is,  of 
course,  cleanliness  of  stone  and  mortar  materials. 

By  way  of  showing  the  elasticity  of  concrete  under  compression, 
reference  may  be  made  to  the  writer's  studies  of  •concrete  as  recorded 
in  the  Annual  Beport  of  the  State  Engineer  and  Surveyor  of  New 
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Mr.  Rafter.  York,  for  1897,  where  tabulations  of  a  large  number  of  compression 
tests  may  be  found.  Without  going  into  an  extensive  risumS  of  these 
tests,  at  this  time,  a  few  points  may  be  cited  in  illustration  of  the 
writer's  proposition. 

Table  No.  11  gives  the  serial  number  as  per  report  to  State  Engi- 
neer, brand  of  cement,  resilience  and  modulus  of  elasticity  for  a 
number  of  concrete  blocks  of  1  to  3  plastic  mortar,  4f^%  of  the  aggre- 
gate. The  resilience  here  tabulated  is  for  a  gauged  length  of  5  ins., 
and  a  compression  of  600  lbs.  per  square  inch,  while  the  modulus  of 
elasticity  is  between  loads  of  100  and  600  lbs.  per  square  inch. 

TABLE  No.  11. 


Serial  number. 

Brand  of 
cement. 

ReslUencefor 
length  of  6  ins. 

Modulus  of 
elasticity. 

28       

Qenesee 

0.0000 
0.0014 
0.0018 
0.0011 
0.0016 

1260  000 

61  

Wayland 

1786  000 

78 

Iron  Clad 

1088  000 

00 

Empire 

2278  000 

100 

Champion 

1668  000 

Mean  - 

0.0016 

For  a  length  of  1  ft.,  and  with  600  lbs.  per  square  inch  compression, 
the  mean  resilience  of  the  foregoing  blocks  is  therefore  found  to  be 
0.0036  in.  At  this  rate  a  concrete  wall  of  the  specified  composition 
might  be  expected — if  free  to  move — ^to  expand  nearly  1^  ins.  before 
serious  consequences  would  result.  Taking  into  account  that  so-called 
temperature  cracks  do  not  often  exceed,  even  in  walls  several  hundred 
feet  in  length,  from  )  to  I-  in.,  it  has  seemed  probable  to  the  writer  that, 
with  the  proper  precautions  taken,  they  ought  not  to  occur.  At  the 
same  time,  there  is  no  intention  of  being  specially  insistent  on  these 
points,  but  rather  to  present  them  in  the  hope  of  eliciting  further  and, 
possibly,  more  profitable  discussion. 

For  ordinary  brick  walls,  the  writer  recognizes  that  they  are  very 
liable  to  crack  under  some  of  the  conditions  detailed  in  this  paper. 

Tables  Nos.  11  to  16,  inclusive,  of  the  writer's  report  on  Concrete,  in 
the  Annual  Report  of  the  State  Engineer  and  Surveyor  of  New  York, 
for  1897,  give  results  of  a  large  number  of  compression  tests  and 
computed  moduli  of  elasticity  for  concrete  and  mortar.  Additional 
data  of  this  character  may  be  found  in  the  *'  Beport  on  Tests  of  Metals 
and  Other  Materials,  Watertown  Arsenal,  1898."  Indeed,  recent 
compression  tests  have  so  multiplied  as  to  enable  one  to  form  a  fair 
idea  of  the  elasticity  of  concrete  and  mortar.  For  other  masonry 
materials  there  is  still  a  great  lack  of  data. 
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THE  REACTION  BREAKWATER  AS  APPLIED  TO 
THE  IMPROVEMENT  OF  OCEAN  BARS. 

Discussion.* 


!37  Messrs.  E.  L.  CoBTHELii,  A.  F.  Wbotnowski  and  Lewis  H.  Haxitt. 


E.  L.  CoBTHEiii«,  M.  Am.  Soc.  G.  E.  (by  letter). — The  last  paragraph  Mr.  CortheH 
of  the  paper  refers  to  the  channel  at  the  mouth  of  the  Brazos  Biver, 
Texas,  in  which  it  is  stated  that,  contrary  to  the  expectations  of  increased 
depths  by  the  great  flood  of  July  last,  the  sounding  showed  but  15  ft. 
in  seyeral  places,  'Hhus  demonstrating  the  relative  superiority  of  the 
principle  of  reaction  by  a  single  jetty.'* 

From  a  newspaper  clipping  it  is  learned  that  the  United  States  As- 
sistant Engineer  in  charge  of  the  surveying  expedition  at  the  mouth  of 
the  Brazos  Biver,  has  reported  to  Captain  Biche,  U.  S.  Engineer,  in 
charge  of  the  Brazos  District,  that  there  is  a  depth  of  18  ft.  of  water  at 
mean  low  tide  at  the  mouth  of  the  river,  and  that  this  depth  extends 
not  only  from  the  Gulf  through  the  jetties,  but  to  500  ft.  above  the 
lighthouse,  which  is  some  distance  inland.  The  works  at  the  mouth  of 
the  Brazos  Biver  were  built  in  reference  to  a  datum  plane  of  average 
flood  tides;  this  would  make  the  depth  at  mean  high  tide  over 
19.8  ft.  A  more  recent  survey  by  the  Government  Engineers  shows 
that  there  is,  throughout  the  entire  length  of  the  jetty  channel,  a 

*  Professor  Haupt^s  paper  on  this  subject,  to^^ether  with  all  the  discussion  thereon 
which  had  been  received  up  to  December  8ist,  1899,  has  been  published  in  Volume  xlii  of 
Tranwctiona.  Subsequently,  the  discussion  in  the  Proceedlnga  for  January.  1900,  and 
the  present  discussion  have  been  published.  Additional  discussion  on  this  subject  will 
be  collated  and  publiBhed  in  subsequent  numbers  of  Proceedings  and  in  the  next  volume 
of  Transactions. 
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Mr.  Corthell.  minimum  depth  of  20  ft.  at  mean  low  water,  21.8  ft.  at  mean  high 
water,  the  datum  plane  of  the  works. 

The  feature  to  which  attention  is  particularly  called  by  the  writer 
is,  that  although  the  high  water  came  in  July  last,  and  the  channel  at 
that  time  was  deepened  to  18  ft.  at  mean  low  water,  it  has  maintained 
itself  through  the  seven  months  intervening  between  that  date  and  the 
date  of  the  survey  by  the  United  States  Engineer. 
Mr.Wrot-  A.  F.  Wbotnowski,  M.  Am.  Soc.  C.  E.  (by  letter). — While  the  con- 

Dowski.  ^itions  at  Aransas  Pass,  resulting  from  the  construction  of  its  discon- 
nected reverse-curve  breakwater,  seem  to  have  fulfilled  in  a  measure  the 
expectations  of  the  Board  of  Engineers  who  planned  it,  much  remains 
to  be  done  before  it  can  be  accepted  as  a  success  in  the  improvement 
of  tidal  harbors. 

The  very  essence  of  the  jetty  principle  of  concentration  of  the  volume 
of  water,  whether  it  be  tidal  or  fluvial,  between  parallel  dykes,  is  at 
stake,  in  this  so-to-speak  experim'ent;  and  should  it  prove  efficacious 
in  all  its  features,  the  great  reduction  in  cost  alone  would  certainly 
recommend  its  adoption. 

There  is  no  doubt  in  the  writer's  mind  that  the  curved  trend  of  a 
breakwater  or  jetty  adds  materially  to  the  forces  for  scour  of  the  chan- 
nel, over  that  of  a  straight  jetty.  The  tendency  of  a  moving  body  of 
^water  in  a  confined  channel  with  an  uneven  and  rough  bottom  will 
always  cause  eddies,  and  a  crooked  channel,  more  or  less  tending  to 
cross  and  recross  from  side  to  side,  making  an  irregular  cross-section; 
but  with  a  properly  and  regularly  curved  jetty  the  tendency  of  th» 
volume  of  water  is  to  '<  hug"  the  concave  side  of  the  channel. 

The  sectional  area  in  a  curve  or  bend  of  a  stream,  be  it  between 
jetties  or  in  a  natural  water-way,  is  always  greater  than  in  reaches. 
This  will  always  be  the  case  in  the  whole  length  of  the  segment  of  the 
curve,  and  this  applies  equally  to  a  channel  in  an  open  way,  especially 
when  it  is  guarded  in  its  trend  by  a  breakwater,  as  is  the  case  at 
Aransas  Pass. 

The  system  of  two  tidal  entrances  or  debouchures,  as  in  this  case,  is 
especially  applicable  where  tides  are  slight,  as  they  are  in  the  Qulf  of 
Mexico,  because,  on  account  of  the  comparatively  small  tidal  volume  to 
be  depended  upon  for  scour,  it  is  essential  to  secure  all  the  volume 
possible  to  cause  the  required  scour,  and  so  this  system  may  well  be 
tried  in  such  small  tidal  localities. 

But  at  other  points,  for  instance,  on  the  Pacific,  along  the  United 
States  and  Mexican  coast,  where  the  shores  are  very  abrupt  and  defiant, 
and  the  tides  rise  much  higher,  it  is  doubtful  if  the  system  could  be 
applied.  For  the  port  of  Altata,  State  of  Sinaloa,  Mexico,  the  writer  has 
had  occasion  to  propose  a  single  jetty  for  the  maintenance  of  a  given 
depth  at  the  new  entrance  to  this  port,  which  was  breached  through 
the  Peninsula  about  10  miles  south  of  Altata  during  the  hurricane  of 
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NoTember,  1896.     The  writer  had  then  in  oontemphition  a  detached  Mr.  Wrot- 
jetty,  but  after  having  made  the  surveys  he  found  the  conditions  not  nowskl. 

adapted,  principally  on  account  of  very  unstable  and  deep  shores.  He 
found,  also,  that  the  volume  passing  in  and  out  was  sufficient  to 
accomplish  the  required  scour  and  keep  a  permanent  depth;  there- 
fore, a  single  curved  jetty  was  proposed.  The  Government,  however, 
was  not  ready  to  expend  the  required  funds  for  its  construction  until 
a  better  financial  condition  was  apparent. 

The  auxiliary  tidal  mouth  in  the  Aransas  Pass  work  is  open  to  ques- 
tion as  to  whether  it  is  an  advantage.  During  high  wave-energy,  there 
will  likely  be  brought  into  the  channel  quantities  of  sediment  which 
will  deposit  to  the  lee,  and  which,  during  storms  of  long  duration, 
will  accumulate  in  such  quantities  as  to  cause  much  delay  afterward 
in  clearing  the  channel  of  such  deposition,  by  the  disturbed  forces 
operating  in  the  channel. 

The  writer  has  seen  considerable  such  deposition  through  breaches, 
especially  at  Tampico  and  Vera  Cruz;  in  one  case,  at  the  last-named 
place,  where  it  filled  a  radial  space  of  about  300ft.  to  a  depth  of  20  ft., 
and  it  covered  entirely  the  inside  apron  of  the  breakwater  for  over  600  ft. 
Not  only  did  it  deposit,  but  it  kept  on  accumulating  in  the  harbor  for 
a  time,  causing  excessive  expense  in  dredging,  until  the  breaches  were 
closed.  It  is  true,  however,  that  in  this  case  there  was  not  sufficient 
tidal  energy  inside  the  harbor  to  carry  away  such  deposit. 

At  Tampico  the  case  was  different,  and  the  deposition  which  took 
place  there  was  readily  swept  away,  the  conditions  therefor  being 
favorable. 

Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Wisner  cites  Mr.  Haupt. 
an  ideal  case  for  the  use  of  such  a  breakwater,  but,  unfortunately,  it 
was  in  consequence  of  the  effort  to  apply  this  ideal  by  ''continuing 
the  natural  curve  of  the  outlet "  that  caused  the  work  of  the  Gov- 
ernment to  fail  at  Aransas,  for  the  reason  that  the  *'  natural  curve  "  is 
the  result  of  the  external  drift  encroaching  upon  the  advancing  or 
convex  side  of  the  inlet,  and  is  therefore  on  the  far  or  wrong  side  of 
the  channel.  A  jetty  built  on  the  concave  side,  therefore,  deposits  the 
littoral  drift  in  and  blocks  up  the  channel,  causing  the  bar  to  move 
more  rapidly  seaward.  Hence,  it  is  not  generally  good  practice  to 
continue  the  ''  natural  curve  "  without  an  auxiliary  structure  abreast 
of  it  to  arrest  the  drift,  thus  requiring  two  jetties  if  the  far  one  is 
built  first. 

As  several  members  appear  to  be  under  the  impression  that  the 
single  curved  breakwater  is  not  applicable  to  the  mouths  of  sediment- 
bearing  rivers,  the  writer  desires  to  state  his  reasons  for  entertaining  a 
different  opinion.  The  objection  is  based  upon  the  statement  '*that 
any  diminution  of  velocity  of  flow  produces  deposition." 

This  is  conceded  as  correct  on  general  principles,  but  subject  to 
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Mr.  Haupt.  the  modifications  as  to  effects  of  velocity  in  producing  scour,  as  noted 
bj  the  writer  and  confirmed  by  Professor  Williams,  and  Mr.  Wiener 
in  his  former  papers.  Hence,  the  only  question  arising  is  as  to  which 
form  of  construction  produces  the  greater  diminution  of  velocity, 
one  curved  jetty  or  two  straight  ones;  and  are  their  effects  upon  the 
outflowing  currents  at  all  similar? 

The  writer's  position  as  to  two  rigid  jetties  which  are  practically 
parallel  is,  as  already  stated,  that  they  act  merely  as  an  aqueduct  to 
convey  the  effluent  water  and  its  load  of  sediment  over  the  site  of  an 
existing  bar  merely  to  be  deposited  in  the  sea  beyond,  where  a  new 
obstruction  will  be  formed,  unless  there  is  a  strong  littoral  current  to 
prevent  it.  A  single  reaction  jetty,  on  the  contrary,  produces  a  lat- 
eral movement  of  sediment,  thus  removing  it  from  the  concave  side 
where  the  velocity  is  the  greatest,  because  of  the  longer  path,  and 
notwithstanding  the  lesser  slope,  to  the  convex  side,  where  it  accumu- 
lates and  forms  a  natural  levee,  which,  in  process  of  time,  automatic- 
ally adjusts  itself  to  variations  of  the  regimen  of  the  stream.  It  thus 
happens  that  instead  of  all  the  material  being  carried  or  rolled  to  the 
mouth,  as  with  two  jetties,  by  far  the  greater  portion  of  it  is  thrust 
aside  before  reaching  the  outer  end  of  the  concave  jetty  and  is  depos- 
ited outside  of  the  navigable  channel,  and  thus  the  growth  of  the  bar 
seaward  is  greatly  retarded.  The  result  is  that  the  one  jetty  not  only 
costs  far  less  to  build,  but  is  also  much  cheaper  to  maintain. 

These  views  appear  to  be  sustained  by  the  facts  stated  by  Mr. 
Wisner,  relative  to  the  maintenance  of  the  Eads  Jetties  at  the  South 
Pass  of  the  Mississippi  Biver,  authorized  in  1875,  at  an  estimated  cost 
of  $5  225  000.  These  jetties  were  parallel  and  1  000  ft.  apart^too  far, 
in  fact,  for  the  best  results  from  the  small  portion  of  the  discharge 
traversing  that  effluent — but  being  rigid,  the  readjustment  could  only 
be  made  by  groins  and  inner  jetties  which  contracted  the  channel  to 
about  600  ft. ,  thus  increasing  the  cost,  and  at  the  same  time  produc- 
ing alternations  of  velocity  instead  of  uniformity,  but  resulting  finally 
in  securing  the  30  ft.  of  depth  desired. 

Mr.  Wi&ner,  however,  makes  an  important  statement,  viz.:  **That 
the  curvature  of  the  channel  was  such  that  excessive  depths  devel- 
oped near  the  concave  jetty  and  caused  sufficient  deposit  on  the 
convex  side  to  reduce  the  width  at  a  depth  of  26  ft.  to  less  than  200 
ft.,"  thus  showing  that  the  degree  of  curvature  was  excessive,  since  the 
reaction  was  too  great  for  the  contracted  channel;  also,  that  there  was 
a  resultant  movement  of  material  from  the  concave  to  the  convex 
bank.  The  channel  through  the  South  Pass  has  several  reversals  of 
curvature  and  consequent  '*  crossings, "yet  the  depths  are  maintained. 
The  east  or  concave  jetty  was  located  as  a  transition  curve  starting 
from  a  tangent,  with  a  gradually  increasing  deflection  until  it  reached 
a  radius  of  11  720  ft. ;  its  total  length  being  12  100  ft.,  nearly  2^  miles. 
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The  west  jetij  was  parallel  to  the  other  for  nearly  3  000  ft.,  andMr.  Haupt. 
thence  to  sea  it  ounred  with  a  radius  of  15  000  ft. 

Mr.  Wisner  states  a  fundamental  principle  when  he  says:  ''The 
amount  of  cnryatare  given  a  channel  fixes  the  width  that  can  be 
maintained."  Hence,  the  success  or  failure  of  the  engineer  depends 
upon  a  proper  adjustment  of  his  radii  to  the  local  conditions;  if  too 
short,  the  channel  will  be  too  deep  and  narrow,  and  vice  versa.  The 
•^^PPJ  medium  which  is  best  adapted  to  all  stages  must  be 
determined. 

Hence,  the  writer  is  of  the  opinion  that  a  single  curved  jetty, 
adjusted  to  the  regimen  of  the  stream,  and  having  no  restraining 
•counter  jetty  to  interfere  with  the  natural  deposition  of  material 
beyond  the  normal  section  of  the  channel,  will  not  only  cost  less,  but 
will  give  a  far  more  satisfactory  result  as  to  maintenance. 

In  support  of  thii^  view  the  writer  submits  a  few  brief  extracts 
from  well-known  foreign  authorities  illustrafcing  the  action  of  curved 
•chanuQlB.     In  his  *'  Tidal  Bivers  "  Mr.  Wheeler  says: 

'*A  concave  bank  sets  up  a  scouring  action  in  the  current  by 
diverting  the  particles  of  the  water  from  their  straight  course, 
causing  that  rotary  motion  and  boring  action  which  occurs  in  all 
bends,  and  which  operates  in  deepening  the  channel  along  the  concave 
side." 

Mr.  Stevenson  says:  '*  That  it  might  safely  be  affirmed  that  a  stream 
is  most  likely  to  follow  a  permanent  course  when  directed  by  a  concave 
bank." 

Mr.  Scott-BuBsell:  <*  Where  the  curves  were  gentle,  the  natural 
bends  should  not  be  interfered  with;  that  a  river  has  an  oscillating 
motion  *  *  *  the  mere  fact  of  the  commencement  of  curvature 
would  give  it  a  tendency  to  continue  that  curvature,  and  the  stream 
would  go  on  oscillating  regularly  to  the  sea  in  curves  of  opposite 
<3urvature.  Continuity  of  a  system  of  oscillation  should  therefore  be 
maintained. " 

Captain  Culver  says  *'  that  straight  reaches  are  strictly  to  be  avoided 
*  *  ♦  since  the  deep-water  track  is  acted  upon  by  the  most  trifling 
causes,  ranging  from  side  to  side  at  will  *  *  *  there  is  therefore 
no  security  whatever  for  the  permanency  of  the  deep  water,  either  in 
a  fixed  channel  or  at  the  shipping  berths. " 

The  French  Government  Commission,  in  reporting  on  the  improve- 
ment of  the  estuary  of  the  Seine,  advised  that  the  training  walls 
should  be  extended  in  a  sinuous  form,  having  a  concave  bend  leading 
to  the  entrance  to  Honfleur  Harbor,  in  order  that  deep  water  should 
be  maintained  at  the  entrance. 

M.  Fontain,  in  the  rectification  of  the  Bhine,  avoided  straight  cuts 
and  adopted  curves. 

From  which  it  appears  that  the  most  experienced  authorities 
recognize  the  value  of  curvature  as  a  means  of  creating  and  preserving 
it  channel  in  silt  bearing,  tidal  streams  and  estuaries. 

From  all  of  which  it  would  appear  that  for  tidal  estuaries  or  inlets 
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Mr.  Haupt.  on  sandy  coasts,  where  drift  and  wave  bars  obstruct  the  entrance,  a. 
single  reaction  breakwater  shonld  be  placed  to  leeward  of  the  proposed 
channel;  while  for  sedimentary  or  delta  riyers  emptying  into  com- 
paratively tideless  seas,  a  single  concave  jetty,  of  long  radius  adjusted 
to  the  discharge,  will  best  serve  to  create  and  maintain  the  best 
channel  at  least  cost. 

The  cases  are  widely  different,  in  consequence  of  the  origin  and 
direction  of  movements  of  the  silt;  the  one  being  littoral  and  external, 
the  other  fluvial  and  internal ;  hence  they  require  distinctively  different 
treatments. 
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RIVER  HYDRAULICS. 
Discussion.* 


By  Geobge  W.  Bafteb,  M.  Am.  Boc.  C.  £. 


Gbobge  W.  Bafteb,  M.  Am.  Soo.  C.  E.  (by  letter). — This  paper  is  Mr.  Rafter, 
an  admirable  illustration  of  the  present  tendency  in  hydraulics,  not  to 
attempt  to  express  complex  relations  drawn  from  a  large  number  of 
cases  by  a  single  formula,  but  rather  to  work  out  each  case  by  itself, 
on  its  merits.  The  recognition  that  the  discharge  of  a  stream  for  a 
g^ven  gauge  height  will  be  different  for  rising  from  what  it  is  for  fall- 
ing stage,  with  each  in  some  proportion  to  rise  and  fall,  is  a  case  in 
point,  as  is  also  the  discussion  of  the  effect  of  ''bed  in  train."  Fre- 
quently, the  tendency  has  been  either  to  include  all  such  phenomena 
in  a  single  expression,  or  to  ignore  them  entirely.  The  best  illustra- 
tion, however,  is  found  in  the  conclusion  of  the  paper,  that  there  is  a 
particular  equation  which  expresses  the  hydraulic  relations  of  rivers 
better  than  the  formulas  in  common  use,  but  which  does  not  in  any 
degree  apply  to  pipes,  conduits  and  uniform  reaches  of  straight 
channel. 

While  the  paper  thus  illustrates  a  desirable  improvement  in 
hydraulic  studies,  it  contains,  further,  a  series  of  generalizations  which 
assist  one  materially  in  comprehending  the  complex  series  of  physical 
facts  entering  into  the  flow  of  a  large  stream,  where  bends,  irregular 
bed  and  other  disturbing  influences  tend  to  complicate  the  phenomena. 
For  all  such,  notwithstanding  current  practice,  it  is  well  to  recognize 

•  Ck)ntinued  from  January,  1900,  Proceedings.  See  October,  1809,  Proceedings  for 
Paper,  by  James  A.  Seddon,  M.  Am.  Boc.  C.  E.,  on  this  subject. 
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Mr.  Rafter,  that  v  =i  c '^  r  8  can  have  at  best  only  casual  application^  and  as  a  de- 
monstration of  this  point  Mr.  Seddon's  paper  can  hardlj  be  excelled. 
Bnt  for  straight  reaches  of  artifical  channel  with  nniform  cross-section, 
the  conditions  of  flow  are  so  different  from  those  of  meandering  and 
silt-bearing  streams,  that  deductions  applicable  to  one  maj  not  tkpplj 
in  any  degree  to  the  other.  For  such  a  channel,  the  theory  of  velocity- 
slope  relations  becomes,  the  same  as  for  pipes  and  conduits,  all 
important.  As  shown  by  the  author,  the  views  expressed  in  the  paper 
do  not  apply  to  these  cases,  but  are  to  be  considered  as  confined  to 
large  streams  with  relatively  flat  slopes.  Nor,  so  far  as  the  writer  can 
now  see,  will  they  apply  to  small  streams  and  mountain  torrents,  for 
both  of  which  the  Chezy  formula  is  more  nearly  applicable.  This, 
however,  is  merely  in  line  with  the  proposition  to,  so  far  as  possible, 
work  out  formulas  suited  to  each  specific  case. 


Digitized  by 


Googk 


Vol.  XXVI.  FEBRUARY,  1900.  No.  2. 


AMEBIOAN  SOGIETT  OF  OIVIL  ENaiNEEBS. 

INSTITUTED    186  8. 


PAPERS  AND  DISCUSSIONS. 

Non.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


THE  SOUTH  TERMINAL  STATION,  BOSTON.  MASS. 

Discussion.* 


By  Messrs.  Hebman  Conbow  and  J.  B.  Woboestxb. 


Hebuan  Conbow,  Jun.  Am.  Soc.  C.  E.  (by  letter).— The  method  Mr.  Conrow. 
used  by  Mr.  Francis  in  water-proofing  the  masonry  throws  new  light 
on  a  subject  upon  which  comparatively  little  has  been  written. 

In  the  summer  of  1896  the  writer  had  charge  of  the  construction  of 
a  water-proof  subway,  beneath  the  four  tracks  of  a  railroad  in  Massa- 
chusetts. The  subway  was  about  100  ft.  long  and  8  ft.  in  dear  width, 
with  the  floor  about  5  ft.  below  the  level  of  the  water  in  a  nearby 
creek.  It  was  necessary,  therefore,  to  build  a  masonry  structure 
which  would  be  impervious  to  water  under  pressure.  The  design  of 
the  subway  called  for  a  foundation  of  concrete,  brick  side  and  end- 
walls,  and  a  brick-arch  roof  with  concrete  backing.  The  water- 
proofing materials  were  refined  bitumen  asphalt  of  the  best  quality  and 
heavy  tarred  paper.  Inside,  the  finished  subway  was  planned  to'have 
a  mosaic  floor  and  sides  and  arched  ceiling  of  glazed  bricks;  but  these 
embellishments  have  nothing  to  do  with  the  water-proofing,  and  were 
added  merely  as  a  veneer  to  the  main  walls  of  the  structure.  The  sub- 
way was  built  in  a  soil  of  fine  sand  so  full  of  water  that  it  was  not  far 
removed  from  a  quicksand. 

*Thi8  discussion  (of  the  paper  by  George  B.  Francis,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  December,  1(199),  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  Members  of  the  Society  for  further  discussion. 
(See  rules  for  publication.  Proceedings^  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  March  80th,  1900,  will  be  printed 
in  k  later  number  of  Proceedings^  and  subsequently  the  whole  discussion  will  be 
published  in  Transactions. 
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Mr.  Oonrow.       In  order  to  simplif  j  the  description,  the  methods  nsed  in  water- 
proofing the  floor,  side- walls  and  roof  are  separated. 

1.  The  floor  was  water-proofed  as  follows:  A  foundation  course  of 
concrete,  6  ins.  thick,  was  laid  upon  the  sand,  and  the  top  of  this  was 
roughly  leveled  and  smoothed  by  filling  the  depressions  with  mortar. 
After  this  mortar  had  set,  heavy  tarred  paper  was  laid  to  break  joints, 
and  over  the  paper  was  poured  a  layer  of  molten  asphalt.  (The  thick- 
ness of  this  pouring  will  depend  upon  the  temperature  of  the  asphalt. 
Very  hot  asphalt  will  run  out  to  a  thickness  of  less  than  }  in. ;  but  it 
can  be  used  so  that  the  pourings  will  be  nearly  i  in.  thick.  The  thin 
pourings,  however,  give  the  best  results.)  On  this  asphalt,  after  it 
had  cooled,  another  layer  of  tarred  paper  was  placed,  which  was  fol- 
lowed by  another  coating  of  asphalt.  This  process  was  continued 
until  a  water-proof  covering  about  1  in.  thick  was  formed.  This  was 
composed  of  three  layers  of  paper  and  three  pourings  of  asphalt.  This 
floor  covering  could  have  been  made  entirely  of  asphalt,  but  the  tarred 
paper  greatly  increased  its  strength. 

Upon  this  water-proof  floor  6  ins.  of  concrete  were  next  laid,  except 
where  a  space  was  left  for  the  asphalt  in  the  vertical  walls  to  join 
directly  to  the  asphalt  floor.  The  purpose  of  this  concrete  was  to 
keep  the  asphalt  permanently  cool  and  also  to  withstand  the  water 
pressure  from  beneath.  Steel  rails,  2  ft.  apart,  were  placed  in  the 
concrete,  and  the  ends  of  the  rails  were  bedded  under  the  inside  walls, 
thus  giving  strength  to  the  concrete,  in  addition  to  its  weight,  to  resist 
the  upward  pressure,  otherwise  a  heavier  layer  of  concrete  would  have 
been  necessary. 

2.  To  water-proof  the  side-walls  of  the  subway  the  general  scheme 
was  to  build  a  core- wall  of  asphalt,  2  ins.  thick,  between  two  brick 
walls.  The  greatest  care  was  necessary,  in  making  the  junction  at  the  . 
bottom,  where  the  asphalt  core-wall  met  the  asphalt  floor,  to  secure  a 
water-tight  joint.  The  inside  wall  surrounding  the  core  was  first  built 
to  a  height  of  6  ins.  and  the  outside  wall  to  a  height  of  1  ft.,  thus 
forming  a  narrow  groove  12  ins.  deep,  into  which  molten  asphalt  was 
poured.  In  order  to  reduce  the  amount  of  asphalt,  broken  pieces  of 
clean  and  dry  brick  were  laid  in  the  groove,  which  was  then  grouted 
full  with  very  hot  asphalt.  The  core-wall  having  thus  been  raised 
level  with  the  brick  walls  about  it,  the  brick  walls  were  built  up  12 
ins.  higher,  and  the  process  of  asphalting  repeated.  In  this  manner  the 
sides  and  ends  of  the  subway  were  built  to  the  desired  height.  When 
this  had  been  done  the  walls  and  bottom  formed  a  water-tight  masonry 
box. 

When  starting  the  core- wall  at  the  bottom,  the  asphalt  was  poured 
very  slowly,  for  there  was  danger  that  the  hot  asphalt  would  melt  that 
under  the  concrete  and  cause  it  to  crack;  but  after  the  core- wall  had 
reached  a  height  of  1  or  2  ft.,  all  anxiety  on  that  score  was  dismissed. 
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To  make  a  tight  junotion  between  one  pouring  of  asphalt  and  Mr.  CSonrow^. 
another,  the  surface  of  the  cold  asphalt  mnst  be  perfectly  clean  and 
dry.  A  film,  either  of  dust  or  moisture,  will  prevent  a  water-tight 
junction.  Sometimes,  when  the  brick  walls  had  been  freshly  built  up 
above  the  core- wall,  particles  of  mortar  and  drops  of  water  collected 
upon  the  surface  of  the  cold  asphalt  in  the  groove,  and,  in  spite  of 
brushing  and  wiping,  it  could  not  be  cleaned  and  dried  perfectly.  In 
such  cases  a  small  quantity  of  kerosene  was  sprinkled  on  the  surface 
of  the  asphalt  in  the  groove  and  then  lighted.  The  heat  dried  out 
the  moisture  and  melted  the  surface  of  the  asphalt,  giving  a  perfectly 
new  surface  and  making  sure  the  unity  of  the  work. 

This  use  of  kerosene  the  writer  has  found  very  valuable.  Old  sur- 
faces of  asphalt  which  had  become  full  indentations  and  which  were 
covered  with  sand  which  had  become  ground  in,  were  rendered  bright 
and  clean  by  burning  kerosene  on  the  surface;  the  foreign  particles 
disappeared  by  sinking  deeper  into  the  asphalt,  leaving  the  surface  in 
good  condition  to  unite  with  the  next  pouring'. 

3.  The  water-proofing  of  the  arch  covering  was  very  simple. 
After  the  masonry  had  been  smoothed  over  with  cement  and  it  had 
set,  asphalt  was  poured  evenly  over  the  surface,  and,  after  cooling,  a 
layer  of  tarred  paper  was  laid,  beginning  at  the  sides  and  parallel 
with  the  barrel  of  the  arch,  working  upward  toward  the  crown,  each 
course  lapping  over  the  previous  one  as  in  a  shingle  roof.  Four  layers 
of  asphalt  and  three  of  paper  were  used. 

The  water-proofing  of  the  subway  by  these  methods  was  entirely 
successful,  and  upon  the  completion  of  the  work  the  pumps  were 
stopped  and  the  water  rose  to  a  height  of  4  ft.  around  the  wails  of  the 
subway,  which  remained  perfectly  dry  inside.  Numerous  heavy  rains 
caused  no  leakage  in  the  arched  roof. 

This  method  of  water-proofing  the  side  walls  was  not  that  originally 
tried  upon  this  work.  At  first  the  attempt  was  made  to  water-proof  a 
brick  wall  by  means  of  pax)er  and  asphalt.  After  the  wall  had  become 
dry  it  was  coated  with  asphalt,  and  then  paper  was  put  on  with  lap 
joints.  Another  coat  of  asphalt  followed,  then  more  paper,  and  so  on. 
A  4-in.  brick  wall  was  built  adjacent  to  the  paper  to  hold  it  and  the 
asphalt  in  place.  The  results  were  not  successful,  and  perfect  water- 
proofing was  not  secured  in  this  way.  The  writer  is  of  the  opinion 
that  tarred  paper  has  little  value  as  a  water-proofing  material  for  ver- 
tical walls  which  are  to  stand  water  under  pressure,  because  of  the 
impossibility  of  keeping  the  paper  in  its  proper  place.  He  also 
believes  that  if  it  is  desired  to  buUd  masonry  absolutely  water-tight 
the  best  way  to  do  it  is  by  using  an  asphalt  core- wall  where  the  asphalt 
may  be  poured  into  a  groove  and  allowed  to  run  into  every  crevice 
which  will  admit  water. 

Both  the  asphalt  and  the  tarred  paper  should  be  of  the  best  quality. 
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Mr.  Ck>iirow.  Cheap  asphalt  and  the  tar  componnd  are  not  permanent  substances, 
but  will  rot  and  become  like  powder  under  the  action  of  water  and  air, 
thereby  loosing  all  water-proofing  qualities;  and  the  poorer  kinds  of 
tarred  paper  are  easily  torn  and  are  of  little  value.  It  will  be  found 
very  difficult  to  handle  the  asphalt  in  hot  weather  since  it  becomes  soft 
in  ordinary  summer  temperatures.  Cold  asphalt  is  a  durable  and  tough 
substance,  capable  of  bearing  considerable  pressure,  but  if  unpro- 
tected from  the  sun's  rays,  it  becomes  an  unreliable  material.     If  it  is 
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desired  to  use  a  large  quantity  of  asphalt,  the  inconvenience  of  melting 
it  quickly  may  become  very  great,  especially  if  the.  asphalting  outfit 
consists  of  but  one  or  two  kettles.  One  kettle  will  melt  a  large  amount, 
however,  if  it  is  kept  constantly  full,  since  the  molten  asphalt  in  the 
kettle  will  quickly  melt  large  blocks  of  the  cold  asphalt. 

The  accompanying  section,  Fig.  19,  will  aid  in  the  illustration  of  the 
methods  described. 
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J.  R.  WoBOJBBTBB,  M.  Am.  Soc.  C.  E.  (by  letter).— The  subject  em-  Mr.  Worcester, 
braced  by  fche  paper  is  so  oomprehenBiye  that  the  author  has,  of  neces- 
sity, hastened  oyer  many  features  of  the  problem,  a  more  extended 
account  of  which  might  have  been  interesting  to  the  members  of  the 
Society.  In  the  hope  of  shedding  a  little  light  on  some  of  these  points, 
the  writer  wishes  to  discuss  briefly  the  portion  of  the  paper  which 
refers  particularly  to  the  train  shed. 

Cantilever  Principle. — To  make  more  clear  the  reasons  for  adopting 
the  cantilever  style  of  trussing,  it  should  be  stated  that  before  the 
method  of  supporting  the  roof  was  determined,  the  cross-section,  so 
far  as  the  roof  line  was  concerned,  was  agreed  upon  almost  exactly  as 
it  was  finally  built.  This  Une  was  arranged  so  as  to  giye  a  large  verti- 
cal space  for  windows  below  the  eaves  and  above  the  connecting  roof, 
to  enclose  the  whole  width  of  the  shed  under  a  single  roof  and  to  avoid 
raising  any  portion  so  high  as  to  overtop  the  head  house.  It  was  also 
determined  that  there  should  be  two  lines  of  intermediate  columns 
placed  substantially  in  the  positions  finally  adopted. 

With  these  conditions  prescribed  and  with  the  manifest  advantages 
of  raising  the  bottom  chord  as  much  as  possible,  the  cantilever  prin- 
ciple naturally  suggested  itself  as  desirable.  To  ascertain  whether  it 
would  result  in  any  great  economy,  however,  an  estimate  of  the  cost 
of  trusses  with  the  same  outline,  but  broken  over  the  interior  columns, 
was  made.  It  was  found  that  the  weight  of  trusses  constructed  on 
these  lines  would  be  about  10.7  lbs.  per  horizontal  square  foot,  instead 
of  8.25  lbs.,  which  was  the  weight  of  the  cantilevers. 

Whether  the  supported  trusses  could  have  been  made  as  light  as 
the  cantilevers,  had  the  shape  been  immaterial,  was  not  determined; 
but  it  is  doubtful,  as  the  conditions,  particularly  the  fact  that  only  a 
small  portion  of  the  load  was  variable,  were  altogether  favorable  for 
cantilever  construction. 

RrpoMion. — The  author  has  referred  to  the  fact  that  only  one 
expansion  joint  was  provided  in  the  trusses,  and  that  in  the  central 
span ;  but  in  speaking  of  the  intermediate  columns  as  not  anchored, 
he  might  be  understood  to  mean  that  it  was  expected  that  motion 
might  occur  at  the  feet  of  these  columns  from  changes  of  temperature. 
This  was  not  the  case,  as  it  was  recognized  that  the  friction  from  the 
load  on  these  intermediate  columns  would  be  so  great  as  to  render 
motion  impossible,  even  if  desirable.  The  side  columns  were  made 
very  stiff,  and  were  calculated  on  the  assumption  that  all  the  wind 
force  would  be  transferred  through  them  to  the  ground.  Assuming, 
then,  that  the  trusses  were  fixed  at  the  outer  end,  it  was  expected  that 
the  intermediate  columns  must  bend  slightly  as  the  length  of  the  end 
spans  varied  with  the  temperature.  Allowing  for  a  motion  of  1  in.  per 
hundred  feet,  as  the  extreme  effect  of  temperature,  it  was  found  that 
the  strain  caused  by  this  motion  in  the  intermediate  column  would  not 
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Mr.  Worcester,  add  above  2^%  to  the  compression  caused  by  the  total  vertical  load, 
and  the  combined  strain  wonld  be  only  about  12  500  lbs.  per  square 
inch. 

As  a  matter  of  fact,  it  seems  that  the  allowance  of  1  in.  per 
hundred  feet  was  excessive,  for  it  was  found  that  the  total  change  at 
the  expansion  joint  between  a  very  hot  summer  day,  when,  before  the 
covering  was  all  applied,  parts  of  the  trusses  were  exposed  to  the 
direct  sun,  and  an  unusually  cold  winter  day,  before  the  shed  was 
occupied  and  partly  warmed  as  it  will  be  by  occupation,  that  is,  under 
a  range  of  94P  Fahr. ,  the  maximum  contraction  at  the  central  expan- 
sion  joint  amounted  to  only  1|^  ins.  This  is  partly  explained  by  the 
fact  that  the  side  posts,  instead  of  being  absolutely  rigid,  as  assumed, 
allow  a  motion  at  the  top  of  apparently  about  1  in.,  making  a  total 
contraction  of  about  3^  ins.,  or  -ft  in.  per  hundred  feet. 

In  this  connection,  the  writer  can  hardly  agree  with  the  author's 
conclusion  with  regard  to  the  Midway  Floor,  that  '*  the  expansion  of 
each  piece  of  steel  is  apparently  taken  up  in  the  riveted  joints. "  It 
seems  more  probable  that,  as  the  extreme  variation  in  temperature  of 
this  portion  of  the  building  probably  does  not  exceed  40^,  the  elastic- 
ity of  the  material  is  called  upon  to  compensate  for  any  motion  which 
might  occur  if  the  material  were  free  to  come  and  go. 

General  Design, — There  are  two  points  in  the  general  design  of  the 
train  shed  which  are  not  very  clearly  set  forth  in  the  paper  or  illustra- 
tions, and  about  which  a  word  may  not  be  out  of  place. 

The  trusses  at  the  ends  of  the  building,  viz.,  A,  B,  C,  if,  and  L  are 
made  the  full  depth  of  the  end,  with  diagonals  each  extending  over  two 
of  the  panels  indicated  by  the  vertical  lines  on  the  cut. 

These  diagonals  are  omitted  from  Fig.  7,  through  an  inadvertence, 
which  the  writer  is  informed  will  be  remedied  before  the  final  publica- 
tion. The  verticals  of  these  trusses  act  as  beams  to  carry  the  wind 
pressure  to  the  horizontal  trusses  which  are  situated  in  the  plane  of 
the  top  and  bottom  chords. 

The  reason  for  making  the  main  monitor  trusses  with  a  60-ft.  span, 
disregarding  the  supports  which  might  have  been  carried  to  the  top 
of  main  trusses,  was  that  these  trusses  are  spaced  more  closely  to- 
gether than  the  main  trusses,  those  intermediate  between  the  main 
trusses  being  carried  by  the  purlins  on  either  side. 

Pin  and  Rivet  Connections. — Pin  connections  were  adopted  for  the 
main  trusses,  and  for  much  of  the  rod  bracing,  largely  as  a  matter  of 
convenience  of  erection  and  to  improve  the  general  appearance. 
There  was,  however,  one  very  important  detail  where  a  riveted  joint 
was  used,  namely,  at  the  intersection  of  the  bottom  chord  of  the  canti- 
lever trusses  with  the  intermediate  columns.  Here  a  pin  would  have 
been  of  such  large  diameter  and  the  necessary  restriction  in  metal  of 
the  post  so  great,  to  say  nothing  of  the  difSculty  of  having  the  chords 
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on  the  two  sides  of  different  widths,  that  a  riveted  joint  was  mnch  more  lir.  Worcester, 
satisfactory,  and  it  was  adopted  without  hesitation. 

Length  cf  Strvis. — One  feature  of  the  design  whioh  was  of  consider- 
able importance  in  the  way  of  economy,  but  which  was  somewhat  con- 
trary to  modem  practice,  was  the  ratio  of  length  to  diameter  allowed 
in  struts  in  riveted  work.  If  rules  such  as  that  <*  the  length  shall  not 
exceed  100  times  the  least  radius  of  gyration  *'  had  been  adopted,  it  is 
safe  to  say  that  the  purlins  and  a  large  amount  of  the  bracing  mem> 
bers  would  have  had  to  be  made  up  of  different  shapes  altogether  from 
those  used.  The  limit  adopted  was  for  the  length  not  to  exceed  50 
times  the  least  diameter.  In  the  writer's  opinion,  the  least  diameter 
in  such  a  limit  is  a  more  proper  gpiide  than  the  radius  of  gyration,  as 
the  stiffness  of  the  member,  which  is  the  element  most  to  be  consid- 
ered, more  closely  corresponds  with  the  former.  Whether  the  ratio  of 
50  is  too  great  is  open  to  debate,  but  where  the  members  are  straight- 
ened carefully  after  riveting,  and  again  looked  after  when  erected,  and 
where,  as  in  a  roof,  they  are  not  liable  to  transverse  forces  of  any  kind, 
it  seems  a  wise  economy  to  use  a  liberal  ratio. 

Jtick  Rafters. — It  was  considered  very  desirable,  in  covering  the  • 
roof,  to  arrange  if  possible  a  truly  curved  surface  which  should  not 
show  breaks  over  the  purlins,  as  there  are  many  points  of  view  out- 
side the  building  from  which  the  line  of  sight  would  quickly  detect 
any  unevenness.  It  was  therefore  with  some  trepidation  that  the 
writer  specified  for  the  jack  rafters  8-in  I-beams,  the  span  being  about 
20  ft.  This  was  finally  done,  but  the  beams  were  given  a  camber 
greater  than  that  required  by  the  curve  of  the  roof,  by  an  amount 
(1  in. )  which  was  approximately  the  theoretical  deflection  which  the 
baam  would  have  from  the  dead  weight  of  the  covering.  The  result 
of  this  was  very  satisfactory,  the  lines  of  the  roof  taking  a  very  even 
curve. 

In  this  connection,  it  is  interesting  to  note  that  at  the  bottom  of  the 
slope  the  pitch  is  not  less  than  3  ins.  per  foot,  the  steepest  which  the 
writer  has  known  of  for  a  similar  composition  roofing.  So  far  no  evil 
effect  has  been  observed. 
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EXPERIMENTS  ON  THE   PROTECTION   OF  STEEL 
AND  ALUMINUM  EXPOSED  TO  WATER. 

Discussion.* 


By  Messrs.  L.  L.  Buck,  Gbobob  Hill,  F.  W.  SKDmsB,  Thomas  D.  Fttts 
and  Gbobob  Tatnall. 


Mr.  Buck.  L.  L.  Buck,  M.  Am.  Sec.  C.  E. — Have  any  of  the  specimens  been 
tested  by  being  placed  in  salt  water  so  as  to  be  exposed  part  of  the 
time,  and  part  of  the  time  not  exposed  ? 

Some  tests  of  paints  on  wires  were  made  for  the  speaker  by  E.  G. 
Freeman,  M.  Am.  Soc.  C.  £.  The  wires  were  about  No.  8  gange  and  cnt 
in  lengths  of  about  6  ins.  They  were  coated  with  different  kinds  of 
paint  and  were  then  fastened  together  snugly  in  bundles  of  seven.  The 
interstices  were  filled  and  the  bundles  coated  with  paint  outside. 
These  bundles  were  fastened  to  a  pile,  under  the  resident  engineer's 
office,  midway  between  high  and  low  water.  They  were  protected  from 
abrasion  by  floating  matter,  and  were  left  in  position  for  six  months, 
but  not  in  freezing  weather. 

The  reason  for  making  the  test  in  this  way  was  that  the  conditions 
obtained  would  approach,  more  nearly  than  any  others,  the  conditions 
which  would  be  met  by  the  cables  of  the  New  East  River  Bridge.  The 
wires  were  found  to  be  corroded  even  inside,  where  the  interstices  had 

*  This  discussion  (of  the  paper  by  A.  H.  Sabin,  Assoc.  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  October.  loWn  ia  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brousrnt  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication.  Proceedings^  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  March  8()th«  19(X),  will  be  printed 
in  a  later  number  of  Proceedings^  and  subsequently  the  vhole  discussion  will  be  pub- 
lished in  Transcuitions, 
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been  filled  with  the  paint.  There  were  only  one  or  two  subfitances  Mr.  Buck, 
which  stood  the  test.  One,  called  *' cable  sheet,'*  the  composition  of 
which  the  speaker  knows,  bnt  is  not  allowed  to  divnlge,  withstood 
abrasion  and  corrosion  perfectly.  This  material  was  selected  as  the 
covering  of  the  cables,  although  its  application  was  somewhat  diffi- 
cult. 

EEas  the  author  used  Lucol  oil  in  any  of  his  experiments? 

The  speaker  has  had  some  trouble  in  having  paint  applied  prop- 
erly. Having  secured  an  honest  manufacturer  and  obtained  from  him 
the  required  paint,  he  has  found  that  a  further  requisite  was  the  right 
kind  of  a  man  to  apply  it.  The  speaker  has  had  structures  painted 
and  has  found  that  after  six  months  the  pigment  could  be  rubbed  off 
with  the  hand  quite  readily.  In  the  next  specification  prepared  by 
the  speaker  he  has  concluded  to  insert  a  clause  requiring  the  paint 
manufacturer  to  have  an  inspector  present  all  the  time  to  see  that  the 
paint  is  properly  put  on.  In  this  way  it  may  be  possible  to  fix  the 
responsibility  if  the  work  is  not  satisfactory. 

Gbobob  Hill,  M.  Am.  Soc.  C.  E. — The  author  has  said  that  heMr.  HUl. 
considers  these  tests  a  fair  criterion  by  which  to  judge  of  the  suffi- 
ciency of  the  coating,  as  applied  to  structural  material  exposed  to  the 
air  or  the  elements.  What  time  relation  is  considered  by  him  as  exist- 
ing between  the  exposure  to  fresh  or  salt  water  and  the  exposure 
which  would  exist,  for  instance,  in  the  steel  skeleton  of  a  building 
surrounded  with  masonry?  That  is  to  say,  if  after  an  exposure  of  two 
years  in  water  and  one  or  two  years  to  air  most  of  the  coating  has  dis- 
appeared, how  many  years  will  it  take  to  produce  a  like  result  if  the 
material  is  partially  protected  from  corrosion? 

Further,  would  all  the  protective  coverings  show  the  same  relative 
deterioration  under  the  conditions  existing  in  buildings  as  they  show 
when  subjected  to  the  direct  action  of  fresh  and  salt  water  ? 

During  the  past  six  years  the  speaker  has  had  Lucol  oil  under 
observation,  and  has  used  it  quite  extensively  (for  the  last  three  years 
exclusively  for  exterior  work  and  metal  covering),  and  has  found  that 
it  gave  better  results  than  any  of  the  other  oils.  The  speaker  would 
like  to  ascertain  the  author's  general  views  in  regard  to  oil  as  compared 
with  varnish.  If  the  author's  statements  in  regard  to  recent  structural 
work  in  New  York  City  are  taken  without  qualification,  it  may  be  said 
that  the  life  of  the  largest,  or  best,  office  buildings  will  be  about  twenty 
years,  if  the  conditions  under  which  the  exterior  supporting  columns 
are  installed  are  such  as  to  subject  these  columns  to  a  certain  exposure; 
that  is  to  say,  if  they  are  placed  with  their  outer  edges  from  8  to  24 
ins.  from  the  exterior  walls.  The  general  practice  is  not  to  make  any 
special  provision  for  protecting  the  columns. 

The  speaker  recalls  one  case  in  which  it  was  specified  that  the 
columns  should  be  left  with  a  space  around  them.     This  space  between 
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Mr.  HUL  the  ooltunn  and  the  enolosing  brickwork  wae  to  be  filled'  in  snbee- 
quently  with  Portland  cement,  which  would  be,  without  doubt,  a 
sufficient  protection  if  the  column  were  not  otherwise  protected;  but 
with  a  film  of  paint  between  the  metal  and  the  cement  the  speaker 
doubts  the  sufficiency. 

In  New  York  City  the  practice,  which  is  nearly  universal,  is  to  use 
one  of  the  paints  or,  occasionally,  Smith's  durable  metal  coating,  but 
if  these  have  a  life  of  approximately  only  twenty  years,  the  New  York 
practice  should  change  quickly. 

The  paper  does  not  indicate  what  should  be  done,  yet  some  lesson 
should  be  derived  from  these  tests  to  show  what  the  practice  ought 
to  be,  for  engineers  do  not  want  to  build  for  only  ten,  fifteen  or  even 
twenty -five  years. 
Mr.  Skinner.  F.  W.  Skinneb,  M.  Am.  Soc.  C.  E.— In  New  York  City  the  general 
practice  is  to  protect  from  moisture  quite  effectively  certain  parts  of 
the  steel  work  of  office  buildings.  Most  of  the  grillage  foundations, 
for  instance,  are  bedded  in  concrete,  and  frequently  the  metal  surfaces 
are  also  plastered.  The  wall  columns,  in  many  cases,  are  only 
protected  by  paint,  but  in  other  cases  there  is  a  special  protection. 

In  the  St.  Paul  Building,  for  instance,  there  is  a  tile  casing  around 
the  columns  and  also  a  coating  of  asphalt,  or  some  kind  of  fibrous 
material  wrapped  around  them. 
Mr.  Pitts.  Thomas  D.  Pitts,  Jun.  Am.  Soc.  C.  E. — The  author  states  that  in 
these  experiments  the  plates  exposed  in  fresh  water  were  placed  verti- 
cally, while  those  exposed  in  salt  water  were  placed  horizontally. 
Was  there  any  special  reason  for  so  placing  the  latter?  There  would 
necessarily  be  a  deposit  of  silt  on  the  upper  surfaces  of  these  plates 
which  would  measurably  protect  the  coating.  It  would  also  prevent 
the  growth  of  oysters,  barnacles,  seaweed,  etc.,  which  will  not  grow 
on  surfaces  where  they  cannot  get  a  firm  hold.  Moreover,  the  silt 
deposit  would  not  necessarily  be  uniform  on  all  the  plates,  so  that  they 
would  not  all  have  the  same  degree  of  protection. 

This  being  true,  would  not  more  uniform  conditions  be  secured  by 
placing  all  the  plates  vertically? 
Mr.  Tatnall.  Gboroe  Tatnall,  M.  Am.  Soc.  C.  E.  (by  letter).— The  subject  of 
protective  coatings  for  iron  is  one  of  great  depth,  the  surface  of  which 
has  been  little  more  than  scratched.  The  universal  use  of  iron,  for 
such  diverse  purposes  divides  the  subject  into  a  number  of  problems 
according  to  the  exposure  to  which  the  iron  is  subjected. 

The  protection  of  ironwork  exposed  to  ordinary  out-of-door  condi- 
tions of  sunshine,  rain,  dew  and  variations  of  temperature  is  the  most 
usual  problem.  The  protection  of  ironwork  in  the  indoor  exposure 
incident  to  the  roofs  of  trainsheds,  foundries,  shops  and  other  manu- 
facturing establishments,  presents  another  and  very  different  problem, 
wherein  the  absence  of  the  direct  heat  and  light  of  the  sun,  and  the 
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drenching  of  rain,  is  offset  by  the  presence  of  deleterious  and  corrosive  Mr.  TatnaU. 
gases.     The  protection  of  the  skeletons  of  steel-framed  buildings  forms 
a  third  distinct  problem. 

Two  other  very  similar  problems,  and  very  dissimilar  to  the  others, 
are  the  protection  of  ironwork  submerged  in  water,  and  ironwork 
alternately  submerged  and  exposed,  as  by  the  fluctuation  of  tides. 
These  problems  present  such  dissimilar  features  that  the  results  of 
tests  under  one,  can  by  no  means  be  taken  as  more  than  an  indication 
of  possible  results  under  one  of  the  others. 

This  paper  presents  some  valuable  and  instructive  data  relative  to 
the  protection  of  iron  completely  submerged. 

Charles  B.  Dudley,  M.  Am.  Soc.  G.  E.,  Professor  Spennrath  and 
others  have  shown  the  effect  of  submersion  in  water  on  a  linseed  oil 
fllm,  manifested  in  the  softening,  wrinkling  and  loss  of  adhesiveness 
of  the  film.  This  receives  abundant  confirmation  in  the  blistering  and 
separation  of  the  coats,  so  frequently  noted. 

By  far  the  greatest  enemy  to  paint  coatings  on  iron  is  the  well- 
known  and  uncontrollable  propensity  of  the  metaL  to  rust  when  in  the 
presence  of  oxygen  and  moisture,  which  is  so  fierce  as  to  produce,  by 
some  sort  of  endosmotic  and  ex  osmotic  action,  the  rusting  of  the  iron 
and  deposition  of  the  oxide  on  the  outside,  through  the  pores  of 'pro- 
tective coating^  of  other  metals,  such  as  tin,  zinc  or  lead.  Bright  iron 
will  not  rust  in  an  atmosphere  of  pure  oxygen,  nor  will  it  rust  when 
immersed  in  distilled  water,  and  it  is  questionable  whether  the  scanty 
amount  of  air  ordinarily  held  in  suspension  by  river  or  sea  water  would 
be  sufficient  to  make  the  test  as  severe  as  it  would  be  under  conditions 
part  wet  and  part  dry.  or  even  under  those  of  ordinary  outdoor  expos- 
ure. In  support  of  this,  it  can  be  stated  that  similar  plates,  to  the 
knowledge  of  the  writer,  covered  with  two  coats  of  some  of  the  same 
paints  mentioned  in  these  tests,  passed  to  complete  destruction  in 
from  6  to  12  months  in  ordinary  outdoor  exposure. 

Almost  invariably,  the  protective  value,  to  iron,  of  a  good  paint,  is 
destroyed  in  outdoor  exposure  by  the  penetration  of  moisture  and  air 
through  the  pores  of  the  coating^;  causing  the  formation  of  rust  spots, 
microscopical  at  first,  but  increasing  in  size  and  number,  and  spread- 
ing and  joining  together  under  the  film,  until  it  is  thrown  off  in  flakes 
or  shreds,  long  before  its  good  qualities  as  a  paint  have  disappeared. 
On  this  account,  the  very  able  prize  essay  of  Professor  Spennrath,  com- 
plete and  exhaustive  as  it  is,  in  relation  to  the  paint  film,  is  useless  as 
regards  the  protective  value  of  that  film  to  the  iron  beneath  it. 

The  large  number  of  sampled,  in  these  tests  of  submerged  exposure, 
in  which  it  was  noted  that  the  coatings  had  been  destroyed  and  very 
little  or  no  rusting  manifested,  would  seem  to  indicate  that  the  pro- 
cesRes  of  destruction  were  different  in  this  than  in  other  exposures. 
The  film  seems  to  have  been  destroyed  before  the  rusting  commenced, 
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Mr.  Tatnall.  but  how?  The  almost  inyariable  presence  of  blisters,  or  separation  of 
the  two  films  from  each  other  and  from  the  metal,  shows  oonolasively 
the  same  softening,  loosening,  and  wrinkling  action  on  these  films,  as 
occurred  in  the  case  of  linseed  oil  films  on  glass  submerged  in  water,  in 
the  experiments  of  Dr.  Dudley.  But  it  has  certainly  not  extended  so 
far  as  to  effect  complete  separation  of  the  films  from  each  other  or 
from  the  metal,  or  some  half -peeled  remnants  would  have  been  found. 

The  absence  of  any  explanation  for  this  rustless  destruction  of  the 
film  in  submerged  tests,  as  well  as  certain  unexplained  phenomena 
occurring  in  ordinary  outdoor  exposure,  suggests  the  query,  does  lin- 
seed oil,  by  complete  oxidation,  by  long  submersion,  by  the  presence 
of  the  naturally  occurring  chemical  reagents,  or  by  the  combination  of 
any  or  all  of  these  causes,  become  to  any  extent  soluble  in  water? 

Although  the  varnish  gums  are  exceedingly  unreliable  and  uncer- 
tain, whether  used  on  wood  or  iron,  in  ordinary  exposures,  it  seems  to 
be  shown  clearly  by  these  tests  that  the  addition  of  the  best  of  them 
to  linseed  oil  is  of  great  benefit  to  the  latter  in  resisting  the  soaking 
destruction  of  submersion,  by  whatever  infiuences  this  may  be  caused. 
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Discussion.* 


By  AiiLEN  Hazen  and  GEOBaE  W.  Bapteb. 


AiiiiBN  Hazen,  Assoc.  M.  Am.  Soc.  G.  E. — There  are,  perhaps,  few  Mr.  Hazen. 
materials  abont  which  more  different  opinions  are  held  than  quick- 
sand. A  good  definition  of  this  substance  is  greatly  to  be  desired. 
This  paper  contains  a  definition  of  quicksand  which  differs  consider- 
ikbly  from  the  idea  which  the  speaker  has  entertained,  and  he  will 
present  briefly  the  idea  which  he  has  held,  with  the  hope  of  starting 
a  discussion  leading  to  something  more  definite  upon  this  subject. 

Mr.  Landreth's  definition  of  quicksand  is:  ''A  mixture  of  rounded 
particles  of  sand  and  clay,  the  sand  predominating. " 

The  speaker's  idea  of  quicksand  is:  an  even-grained  sand,  containing 
for  the  time  more  water  than  would  normally  be  contained  in  its  voids, 
and,  therefore,  with  its  grains  held  a  little  distance  apart,  so  that  they 
flow  upon  each  other  readily.  The  sand  may  be  either  coarse  or  fine, 
generally  it  is  extremely  fine.     It  is  the  speaker's  idea  that  quicksand 

*Tbis  discussion  (of  the  paper  by  William  B.  Landreth,  M.  Am.  Soc.  C.  E.,  printed 
tn  the  Proceedinfis  for  December,  1809)  is  printed  In  Proceedings  In  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication,  Proceedinga,  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  recelTed  prior  to  March  80th,  1900,  wUl  be  printed  in 
a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transcustions. 
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Mr.  HasEen.  in  general  contains  no  cIaj.  It  may  be  that  some  materials  contain 
a  little  clay,  and  still  act  as  quicksand ;  bat,  if  so,  that  they  act  aa 
qnicksand  notwithstanding  the  clay,  and  not  because  of  it.  A  material 
containing  clay  particles  in  considerable  quantity  is  cohesive  and  im- 
pervious. Water  may  press  it  out  of  shape,  make  cracks  in  it  and 
rush  through  it.  Under  some  conditions  the  whole  mass,  under  heavy 
pressure,  may  flow  slowly  like  molasses,  but  with  water  it  will  never 
make  an  intimate  mixture  capable  of  flowing  through  small  openings 
and  behaving  much  like  water,  which  is  the  characteristic  property  of 
quicksand. 

The  sand  in  a  mechanical  Alter  is  a  good  illustration  of  quicksand. 
The  sand  is  placed  in  a  tub,  with  screens  or  other  drainage  apparatus 
at  the  bottom.  The  water  flows  downward  through  the  sand  during 
filtration.  Occasionally,  the  flow  is  reversed  to  wash  the  sand.  When 
the  current  is  downward  the  sand  is  firm,  and  it  remains  firm  after  it 
is  drained.  If  one  steps  upon  it  the  track  hardly  shows.  When  the 
sand  is  washed  by  an  upward  current,  it  is  lifted  by  the  water,  and 
occupies,  perhaps,  10^  more  yolume  than  it  did  with  the  downward 
current,  and  in  this  condition  it  is  susx>ended  in  the  water,  and  is  so 
soft  that  a  stick  can  be  pushed  into  it  with  but  little  more  resistance 
than  would  be  ofi*ered  by  so  much  water. 

As  the  voids  in  the  sand  are  increased,  the  friction  is  greatly 
reduced,  until  a  point  is  reached  where  the  friction  just  balances  the 
excess  of  weight  of  the  sand  over  water,  and  this  condition  may  be 
maintained  indefinitely,  the  upward  current  of  water  just  sufficing  to 
hold  the  sand  in  a  state  of  suspension. 

In  this  condition  it  is  ideal  quicksand.  The  phenomenon  is  precisely 
the  same  whether  the  sand  is  of  wind-worn  spherical  grains  or  of  the 
most  angular  g^ins  of  crushed  quartz.  In  either  case  the  sand  is 
made  quick  by  the  passage  upward  through  it  of  a  current  of  water  so 
rapid  that  the  friction  which  it  encounters  more  than  equals  the 
weight  of  the  sand,  and  as  a  result  the  sand  is  lifted.  If  the  upward 
rate  were  somewhat  less,  the  weight  of  the  sand  would  exceed  the 
friction,  and  the  sand  would  not  become  quick,  but  would  remain 
solid  and  firm,  as  with  the  downward  current. 

The  upward  velocity  required  to  lift  a  sand  in  this  way  is  a  direct 
function  of  the  size  of  the  sand  grains,  and  can  be  computed.  The 
sand  used  in  mechanical  filters  has  an  effective  size  of  from  0.40  to 
0.60  mm.,  and  the  velocity  used  in  washing  is  such  that  the  friction  is 
more  than  equal  to  the  excess  in  weight  of  the  sand  over  water,  but  is 
not  three  times  as  great.  If  it  were,  some  of  the  sand  would  be  carried 
away. 

Table  No.  3  shows  the  computed  velocities  at  which  the  friction 
equals  the  excess  in  weight  of  sands  of  various  grain  sizes,  or,  in  other 
words,  the  velocities  at  which  the  sands  will  just  be  lifted. 
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TABLE  No.  3.— Computed  Yelooities  Required  to  Lipr  Sands  ofMt.  awen. 
Various  Grain  Sizes. 

At  a  temperature  of  50^  Fahr. 


Velocity  of  solid  column 

Velocity  of  solid  column 

Effective  size  of  sand. 

of  water,  in  meters 

of  water,  in  inches 

per  94  hours. 

per  hour. 

0.60  mm. 

260 

410 

0.40    " 

160 

202 

0.80    " 

90 

148 

0.20    " 

40 

65 

0.10    '* 

10 

16 

0.06    *' 

2.5 

4 

0.08    " 

0.9 

1.6 

This  table,  perhaps,  gives  an  indication  of  the  reason  -^hy  quick- 
sands are  usually  fine  sands.  The  finest  mortar  sand  has  an  effective 
size  of  from  0.20  to  0.30  mm.  To  lift  it,  requires  an  upward  velocity 
of  from  5  to  12  ft.  per  hour,  a  velocity  greater  than  those  which  gen- 
erally occur  in  the  ground  water  about  excavations.  That  is  to  say, 
sand  of  this  coarseness  will  only  act  as  quicksand  where  the  ground- 
water currents  are  unusually  strong.  With  sand  0. 10  mm.  in  diameter, 
a  velocity  of  only  16  ins.  per  hour  is  required  to  lift  it — a  velocity  which 
is  probably  quite  common — while  the  lower  velocities  of  4  and  1.5  ins. 
per  hour,  required  to  lift  sands  with  effective  sizes  of  0.05  and 
0.03  mm.,  respectively,  are  almost  sure  to  exist  where  excavations  are 
made  below  the  ground- water  level  in  pervious  materials;  and  where 
sands  of  these  sizes  exist  they  are  almost  sure  to  act  as  quicksands. 

There  is  a  condition  which  may  make  a  sand  quick  which  at  first 
sight  would  seem  to  be  different  from  that  mentioned  above,  but  which 
in  reality  is  but  a  variation  of  it.  It  is  when  sand  in  apparent  equili- 
brium is  made  quick  by  a  sudden  shock  or  blow.  Let  us  suppose  a 
layer  of  sand  with  an  effective  size  of  0.05  mm.  and  3  It.  deep,  in  which 
the  voids  are  42%,  entirely  filled  with  water.  The  grains  are  in  a  not 
very  stable  equilibrium,  and  this  sand  is  capable  of  being  compacted 
to  40X  of  voids.  A  smart  blow  or  sudden  pressure  will  disturb  the 
equilibrium,  and  the  sand  will  be  suspended  by  the  water  which  it 
contains.  It  will  shrink  5%  in  going  from  42  to  40%  of  voids;  and, 
under  the  conditions  assumed,  if  perfectly  drained  at  the  bottom,  half 
an  hour  will  be  required  for  the  excess  of  water  to  drain  out  of  it. 
During  this  time  it  will  be  quicksand.  This  phenomenon  may  be  seen 
on  many  lake  shores  where  the  sand  is  held  full  of  water  by  capillarity, 
but  in  this  case  the  sand  is  usually  coarser,  and  the  length  of  time  that 
it  remains  quick  is  but  a  small  fraction  of  the  above,  perhaps  only  a 
minute  or  two,  or  even  less. 

A  number  of  samples  of  material,  presumably  quicksand,  obtained 
by  borings  in  connection  with  some  of  the  deep  waterways  investiga- 
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Mr.  Haien.  tions,  and  which  were  labeled  as  mixtures  of  clay  and  sand,  have  been 
handed  to  the  speaker  by  Mr.  E.  P.  North.  Under  the  microscope 
these  materials  proved  to  be  entirely  free  from  clay,  and  consist  of 
particles  from  0.03  to  0.10  mm.  in  diameter,  haying  effective  sisses  of 
approximately  0.04  mm.  Ninety  per  cent,  or  more  will  pass  a  sieve 
with  200  meshes  per  lineal  inch.  These  materials  contain  a  little  lime, 
but,  so  far  as  this  is  the  case,  the  speaker  is  inclined  to  think  that  the 
lime  tends  rather  to  keep  them  from  acting  as  quicksand  than 
otherwise. 

The  question  may  be  raised  as  to  the  propriety  of  extending  the 
name  of  sand  to  these  extremely  fine  materials.  Materials  of  these 
sizes  occur  quite  freely  in  Nature,  in  which  the  particles  are  mostly 
.  silica,  occasionally  with  a  mixture  of  hard  silicates.  Under  the  micro- 
scope they  appear  precisely  like  sand.  The  particles  are  angular,  the 
arrangement  of  the  particles  and  the  percentage  of  voids  are  substan- 
tially the  same  as  with  coarse  sands.  The  relation  of  these  materials 
to  ordinary  sand  is  much  the  same  as  that  of  sand  to  gravel,  but  it  is 
not  correct  to  speak  of  sand  as  fine  gravel,  and  it  may  not  be  correct 
to  speak  of  these  materials  as  fine  sand.  The  terms  silica  dust  and  sand 
dust  have  been  suggested,  but  they  imply  dryness,  and  do  not  seem 
suited  to  quicksand.  The  word  silt  is  also  used,  but  this  suggests  a 
somewhat  different  meaning.  Microscopic  sand  would  perhaps  be  a 
better  term. 

Clay  is  an  entirely  different  substance.  Mr.  H.  W.  Wiley,*  Chemist 
of  the  United  States  Department  of  Agriculture,  makes  the  following 
statement  in  regard  to  the  properties  of  clay: 

*'  The  percentage  of  pure  clay  is  about  75^  in  natural  clays,  4J5%  in 
heav^  clay  soils,  and  15%  in  ordinary  loamy  soils.  When  freshly 
precipitated  by  brine  it  is  gelatinous,  resembling  a  mixed  precipitate 
of  iron  and  aluminum  oxides.  Its  volume  greatly  contracts  on  drying, 
clinging  tenaciously  to  the  filter,  from  which  it  maybe  freed  by  moist- 
ening. On  drying  it  becomes  hard,  infriable  and  often  resonant.  It 
usually  possesses  a  dark  brown  tint,  due  to  iron  oxide.  Under  the 
action  of  water  it  swells  up  like  glue,  the  more  slowly  as  the  percent- 
age of  iron  is  greater.  In  the  dry  state  it  adheres  to  the  tongue  with 
great  teaacity.  According  to  Whitney  the  finest  particles  of  colloidal 
clay  have  a  diameter  of  0.0001  mm.  With  a  magnifying  power  of  350 
diameters,  however,  HiUgard  states  that  no  particles  can  be 
discerned. " 

The  clay  particles  are  tens,  if  not  hundreds,  of  times  smaller  than 
the  smallest  sand  grains  here  considered,  and  differ  from  them,  both 
physically  and  chemically. 

It  is  the  speaker's  impression  that  there  is  a  good  deal  of  looseness 
in  distinguishing  between  clay  and  microscopic  sand.  Sand  is  often 
80  fine  as  not  to  be  gritty,  and  when  moist  it  has  many  of  the  proper- 
ties of  clay.     It  differs  from  clay  in  its  lack  of  adhesion  when  dry.     A 

very  small  percentage  of  clay,  however,  makes  it  adhesive. 

*  ''  The  Principles  and  Practice  of  Agricultural  Analysis,'^  p.  288. 
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The  speaker  thinks  that  in  many  instances  miorosoopio  sand,  either  Mr.  Haieiu 
entirely  or  nearly  free  from  olay,  has  been  mistaken  for  clay.  So  far 
as  he  knows,  nearly  all  clay  contains  more  or  less  microscopic  sand, 
and  the  percentage  of  sand  may  become  qnite  large  before  it  ceases  to 
be  called  clay.  The  microscope  at  once  reyeals  the  difference  between 
clay  and  sand,  and  there  is  no  good  reason  for  confounding  them. 

Gbobgb  W.  Rafter,  M.  Am.  Soc.  C.  E.  (by  letter). — ^In  discussing  Mr.  Rafter, 
this  paper  the  writer  recognizes  that  Mr.  Landreth  was  not  in  any 
degree  responsible  for  the  plans  adopted,  but  that  he  is  historian 
merely  of  what,  for  lack  of  thcnrough  knowledge  of  the  conditions, 
turned  out  to  be  an  exceedingly  unsatisfactory  piece  of  construction. 

As  to  why  this  particular  construction  was  so  unsatisfactory,  the 
writer  will  not  now  attempt  to  determine.  The  discussion  of  that 
question  pertains  rather  to  a  broad  history  of  the  Erie  Canal,  in  which 
the  results  of  many  years  of  management  of  a  great  public  work  on 
political  lines  are  traced  to  final  philosophical  conclusions.  This  part 
of  the  subject  is  of  extreme  interest  and  could  be  expanded  indefinitely. 
Nevertheless,  the  writer  leaves  it  untouched  any  further  than  to 
remark  that  the  absence  of  systematic  boring  records  along  the  Erie 
Canal  probably  led  to  some  serious  errors  of  omission. 

The  methods  finally  adopted  are  detailed  clearly  in  the  paper. 
Taken  in  conjunction  with  the  long  struggle  against  the  inevitable, 
which  preceded  their  adoption,  they  have  seemed  to  the  writer  to 
indicate  that,  from  first  to  last,  this  work  was  conducted  on  experi- 
mental lines  purely.  Apparently,  no  one  quite  grasped  the  real  scope 
of  the  problem  presented.  In  order  to  indicate  the  basis  for  this 
position,  let  us  outline  the  physical  conditions  to  be  met. 

As  indicated  in  the  paper,  the  marl  varies  in  depth  from  2  to  15  ft. 
Beneath  this  is  found  soft  clay  to  a  depth  of  40  to  50  ft.  from  surface 
of  ground.     The  surface  soil  is  swamp  muck. 

Such  conditions  indicate  clearly  that  margins  of  excavations  should 
be  kept  clear  of  extraneous  loads.  Nevertheless,  as  shown  by  the 
photographs,  this  precaution  was  ignored.  Even  after  a  year's 
experience  the  contractors  were  allowed  to  weigh  down  the  margins 
of  drainage  ditches  with  freshly  excavated  material.  The  sliding  of 
the  banks  of  these  ditches  is  therefore  merely  an  illustration  that  like 
causes  produce  like  results. 

It  is  clear  to  the  writer,  therefore,  that  the  first  thing  to  be  done 
was  to  clear  the  margins  of  excavated  material.  The  next  step  was  to 
remove  the  muck  above  the  marl  for  some  distance  back  on  either 
side  of  the  main  channel.  After  this  was  done  the  deepening  of  the 
channel,  even  for  several  feet,  would  have  been  a  very  simple  matter. 
The  slopes  would  properly  have  been  made  flat,  in  this  system  of 
construction. 

If  embankments  over  such  material  are  necessary,  the  proper  pro- 
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Mr.  Rafter,  cedure  is  to  strip  the  marl  for  50  to  100  ft.  on  each  side  of  the  channel, 
and  constract  the  embankment  with  a  berm  10  to  20  ft.  wide  on  the 
inside.  In  this  way  the  writer  believes  that  a  canal  can  generally  be 
constracted  through  marl  without  special  extra  expense,  other  than 
for  wide  right  of  way.  In  the  present  case,  if  it  is  deemed  necessary 
to  maintain  towing  paths  on  the  original  lines,  a  timber  platform  on 
piles  will  answer  every  purpose. 

From  near  the  foot  of  Cayuga  Lake  to  some  distance  below 
Mosquito  Point,  Seneca  River  flows  over  marl  beds,  and  from  the  New 
York  Central  and  Hudson  River  Railway  Viaduct  to  Mosquito  Point, 
a  new  channel  was  cut  in  this  material  about  25  years  ago.  This 
channel  extends  from  6  to  8  ft.  into  marl,  and  its  banks  stand  at  a 
slope  of  about  IJ  to  1.  In  1858,  or  thereabout,  a  new  channel  for 
Canandaigua  Outlet  was  also  cut  through  Seneca  River  marl  in  the 
vicinity  of  Montezuma  Aqueduct,  which  has  not  given  any  trouble  by 
the  rising  of  the  bottom,  such  as  perplexed  the  Erie  Canal  engineers 
at  Warners,  in  1896-97.  The  writer  cannot  but  think,  therefore,  that 
a  study  of  the  extensive  work  actually  carried  out  in  marl  in  the 
vicinity  of  Jordan  Level,  would  have  indicated  the  proper  methods  of 
construction  to  use  in  that  material. 

In  regard  to  the  expensive  method  of  piling  and  cross-bracing 
finally  adopted,  the  writer  understands  that  it  has  been  only  moder- 
ately effective.  Slides  of  the  slopes  still  occur.  As.  to  the  extent  of 
these,  it  is  hoped  that  Mr.  Landreth  will  give  an  account  in  his  final 
discussion. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 

March  7th ,  1900. — The  meeting  was  called  to  order  at  8.40  p.  h., 
'Vice-President  Rudolph  Hering  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  97  members  and  10  visitors. 

A  paper  by  Charles  D.  Marx,  M.  Am.  Soc.  0.  E.,  Charles  B.  Wing, 
Assoc.  M.  Am.  Soc.  C.  E.,  and  Leander  M.  Hoskins,  C.  E.,  entitled 
**  Experiments  on  the  Flow  of  Water  in  the  Six-Foot  Steel  and  Wood 
Pipe  Line  of  the  Pioneer  Electric  Power  Company  at  Ogden,  Utah, 
Second  Series,"  was  presented  in  abstract  by  Emil  Kuichling,  M.  Am. 
Soc.  C.  E.,  and  was  discussed  by  Messrs.  E  KuichHng  and  G.  C* 
Whipple. 
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Ballots  were  oanvassed  and  the  following  candidates  declared 
elected : 

As  Membebs. 

Alonzo  Clabemce  Beli^,  New  Orleans,  La. 

Edwabd  Abnold  Cobrea,  Parral,  Mex. 

Philip  Embuby  Habbuun,  Albnqnerque,  N.  Mex. 

Chables  Kelleb,  St.  Lonis,  Mo. 

John  Millis,  Willets  Point,  N.  Y. 

WiiiiiiAM  Pabkeb,  Boston,  Mass. 

Hebbebt  Ellwood  Bhebman,  Providence,  B.  I. 

As  Associate  Membebs. 

Harby  Thomas  Coby,  Columbia,  Mo. 
BoBEBT  MoBBis  Dbake,  San  Francisco,  Cal. 
Geoboe  Ezba  Eiiiiis,  Albany,  N.  Y. 
Peteb  PiiAiTEB  Evans,  Boston,  Mass. 
Theobobe  William  Bjll,  Charleston,  W.  Va. 
Henbt  Basil  Maoob,  New  York  City. 
Walteb  Sothobon  Moobe,  Cleveland,  Ohio. 
Juan  Tonkin  Thomas,  Iquique,  Chile. 
Ibving  Spabrow  Wood,  Providence,  B.  I. 
BoBEBT  Pattebson  Woods,  Wabash,  Ind. 

Announcement  was  made  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  March  6th,  1900: 

As  Associate. 
Wolfgang  Gustav  Tmest,  New  York  City. 

As  JUNIOBS. 

Gut  Whitmobe  Culoin,  New  York  City. 
Geobge  Wallace  Enos,  New  York  City. 
Chables  Edwabd  Howe,  Wabash,  Ind. 
John  Bcjbton  Stoudeb,  West  Albany,  N.  Y. 
Sutton  Van  Pelt,  Sault  Ste.  Marie,  Mich. 
Levi  Bomulus  Whitted,  Norfolk,  Va. 

The  Secretary  announced  that  at  the  meeting  of  the  Board  of  Direc- 
tion, March  6th,  1900,  the  ballot  on  the  reconsideration  of  Allen 
Hazen  was  canvassed,  and  that  Mr.  Hazen  was  declared  elected  as  a 
Member  of  the  Society. 
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The  Secretary  announced  the  death  of  Ebnest  Gbbt  Freeman,  elected ' 
Associate  Member  May  3d,  1893;  Member  October  5th,  1898;  died  March 
eth,  1900. 

,    Adjourned. 

March  aist*  1900.— The  meeting  was  called  to  order  at  8.40  p.  h., 
Vice-President  Biidolph  Bering  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  93  members  and  17  visitors. 

A  paper  by  George  S.  Webster  and  Samuel  Tobias  Wagner,  Members 
Am.  Soc.  C.  E.,  entitled  *' History  of  the  Pennsylvania  A  venue  Subway, 
Philadelphia,  and  Sewer  Construction  Connected  Therewith,"  was  pre- 
sented by  Mr.  Wagner,  and  illustrated  with  lantern  slides. 

The  subject  was  discussed  by  Messrs.  Charles  Macdonald,  A.  C. 
Gildersleeve,  A.  P.  Boiler,  L.  K  Buck,  O.  Lowinson,  Budolph  Hering 
and  the  authors.  * 

The  Secretary  announced  the  death  of  Edwabd  Bates  Dorset, 
elected  Member  June  4th,  1879;  date  of  death  not  known;  and  of 
EcwABD  HiOGiNSON  WiiiLiAMS,  elected  Member  September  5th,  1883; 
died  December  2l8t,  1899. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

March  6th,  1900. — The  Board  met  at  8.45  p.  h.,  Vice-President 
Hering  in  the  Chair;  Charles  Warren  Hunt,  Secretary,  and  present  also 
Messrs.  Bensel,  Buchholz,  Deyo,  Knap,  0*Bourk^,  Bicketts,  Seaman, 
Turner  and  Whinery. 

A  report  was  received  from  the  Library  Committee,  and  the  Com- 
mittee was  authorized  to  prepare  and  publish  a  Catalogue  of  the 
library. 

Ballots  were  canvassed  in  the  matter  of  the  reconsideration  of  the 
ballot  on  the  application  of  Allen  Hazen  for  admission  as  Member,  and 
Mr.  Hazen  was  declared  elected. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday*  from  9  A.  M. 
to  10  P.  M. 

MEETINQS. 

Wednesday,  April  4th,  1900,  at  8.3o  P.  M.,  a  regular  business 
meetiog  will  be  held.  Ballots  for  membersliip  will  be  canvassed,  and 
a  paper  by  William  B.  Landreth,  M.  Am.  Soc.  C.  E.,  entitled,  **  Re- 
cent Stadia  Topographic  Surveys:  Notes  Relating  to  Methods  and 
Cost,*'  will  be  presented  for  discussion.  This  paper  is  printed  in  the 
current  number  of  Proceedings. 

Wednesday.  April  i8th,  1900,  at  8.30  P.  M.,  a  regular  meeting 
will  be  held,  at  which  a  paper  by  George  W.  Rafter,  M.  Am.  Soc.  C. 
E.,  entitled,  **0n  the  Flow  of  Water  over  Dams,'*  will  be  presented 
for  discussion.  This  paper  is  printed  in  the  current  number  of 
Proceedings. 

Wednesday,  May  ad,  1900,  at  8.30  P.  M.,  a  regular  business 
meetmg  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  J.  M.  Moncrieff,  M.  Am.  Soc.  C.  E.,  entitled,  **The  Prac- 
tical Column  under  Central  and  Eccentric  Loads,**  will  be  presented 
for  discussion.  This  paper  is  printed  in  the  current  number  of 
Proceedings. 

ANNUAL  CONVENTION. 

The  returns  so  far  show  that  59  persons  connected  with  the  Society, 
accompanied  by  43  guests,  a  total  of  102,  will  sail  from  this  country  in 
time  to  be  present  at  the  Convention.  Many  of  our  foreign  members 
also,  have  stated  that  they  will  attend.  The  Publication  Committee 
now  has  under  consideration,  and  will  soon  announce,  several  subjects 
for  discussion  at  the  Convention.  In  choosing  these  subjects  an  effort 
will  be  made  to  select  such  as  will  be  of  interest  to  engineers  of  both 
countries,  for  the  purpose  of  securing  an  interchange  of  views. 


Digitized  by 


Googk 


AffsifB  ] 


OUBBBNT  TECHNICAL  LITERATURE. 


85 


MONTHLY  LIST  OP   RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST. 

(February  12th  to  March  14th,  1900.) 
Note. — This  list  is  published /or  the  p  urpose  ofplacina  h^ore  the  members 
of  the  Society  the  titles  of  current  engineering  articles^  which  can  be  referi'ed 
to  in  any  available  engineering  library,  or  can  be  procured  by  addressing 
the  publication  directly,  tlie  address  and  price  being  given  wherever 
possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
Axed  to  each  journal  in  this  list, 

(ja)  Memoirs  et  Compt  Rendu  de»  Tra- 
wiux^  Soc.  Ing.  Civ.  de  France, 
Parte,  France. 


(r)  JdiirnoJ,  Assoc.  Eng.  Soc.,  967  South 
Fourth  St,  Philadelphia,  Pa.,  80c. 

(a)  Proceedings,  Eng.  Club  of  Phila.,  112S 
Girard  St.,  PhlUulelphia,  Pa. 

(3)  Journal,   Franklin    inst.,    Philadel- 

phia, Fa..  60c. 

(4)  Journal,  Weatwn  Soc.  of  Eng.,  Mo- 

nadnock  Block,  Chicago.  111. 

(5)  Transactiona,  Can.  Soc.  C.  E.,  Mon- 

treal, Que.,  Can. 

(6)  School  of  Mines  Quarterly,  Columbia 

Univ.,  New  York  City,  Mc. 

(7)  Technoloqy   Quarterly,   Mass.    Inst. 

Tech.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magazine,   New   York 

City,  80c. 

(10)  Ckissier's  Magazine,  New  York  City, 

a6c. 

(11)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  86c. 
(la)  The  Engineer  (London),  International 
News  Co.,  New  York  City,  86c. 

(13)  Engineering  News,  New  York  City, 

(14)  The  Engineering  Record,  New  York 

City,  18c 

(15)  RaUroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City,  16c. 

(17)  Street  Railway  Journal,  New  York 

City,  86c. 

(18)  Railway  and   Engineering   Review, 

Chicago,  111. 

(lo)  Scientific  American  Supplement,  "Sew 
York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England. 

(33)  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Pa. 

(a4)  American  OaUight  Journal,  New 
York  City,  10c. 

(as)  American  Engineer,  New  York  City, 
90c. 

(a6}  Electrical  Review,  London,  England. 

(ay)  Electrical  World  and  Electrical  En- 
gineer. New  York  City,  10c. 

(a8)  Industries  and  Iron,  London,  Eng- 
land. 

(ap)  Journal,  Society  of  Arts,  London, 
England. 

(30)  Annales   des    Travauz   Publics  de 

Belgiqu^,  Brussels,  Belgium. 

(31)  Annales  deV  Assoc,  des  Ing.  Sortis 

des  Ecdle  SpMales  de  Oand,  Brus- 
sels, Belgium. 


(33)  Le  G4nie  Oivti,  Paris,  France. 

(34)  Portefeuille    Economique    des   Ma- 

chines, Paris,  France. 

(35)  Nouvelles  Annales  de  la  Construe- 

Hon,  Parte,  France. 

(36)  La  Revue  Technique,  Paris,  France. 

(37)  Revue  de  Mecaniaue,  Paris,  France. 

(38)  Revue  Oinirale  des  Chemins  de  Fer 

et  des  Tramways,  Paris,  France. 

(39)  Railway  Maeter  Mechanic,  Chicago, 

(40)  Railway  Age,  Chicago.  111.,  10c. 

(4 1 )  Modem  Machinery  ,Chicago,  111. „  10c. 
(4a)  Transactions,  Am.  Inst.  £lec.  £ng., 

New  York  City,  6Uc. 

(43)  Annalee   des    Ponts   et    Chauseies, 

Parte,  France. 

(44)  Joumcd,    Military  Service   Institu- 

tion. Govemor^s  Island,  New  York 
Harbor.  75c. 

(45)  Mines  and  Minerals,  Scranton,  Pa. 

20c. 

(46)  Scientific  AmeHcan,  New  York  City, 

10c. 

(47)  MechaniccU  Engineer,    Manchester, 

England. 

(48)  Zeitschrift  des  Vereines  Deutscher  In- 

genieure,  Berlin,  Germany. 

(49)  Zeitschrift  far  Bauwesen,  Berlin,  Ger- 

many. 

(50)  Stahl  und  Bisen,  Duesseldorf,  Ger- 

manv. 

(51)  Deutsche   Bauzeitung,    Berlin,    Ger 

many. 
(5a)  Rigasche    Industrie- Zeitung,    Riga, 
Russte. 

(53)  Zeitschrift  des  oesterreichischen  In- 

genieur  und  Architekten  Vereines, 
Vienna,  Austria. 

(54)  Den  Tekniske  Forenings   Tidsskrift, 

Copenhagen,  Denmark. 

(55)  Ingenidren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift.  Stockholm,   Swe- 

den. 

(57)  7W:ni«fcC7(7eb2ad.Chrtetiania,Norway. 

(58)  Proceedings,  Eng.  Soc.    W.  Pa.    410 

Penn  Ave.,  Pitteburg,  Pa.    50c. 

(59)  Transactions,   Mining    Institute    of 

Scotland,  London  and  Newcastle- 
upon-Tyne. 

(61)  Proceedings,  Western  Railway  Club. 
285  Dearborn  St.,  Chicago,  III.,  26c. 

(6a)  American  Manufacturer  and  Iron 
World,  60  Ninth  St.,  Pittsburg,  Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 
London,  England. 
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LIST  OP  ARTICLES. 
Brid{(e. 

The  Kaisersteg  Bridge.    (14)  Feb.  17. 

Swing  Bridges  over  the  River  Weaver.    (11)  Feb.  8. 

A  Counterbalanced  Swing  Bridge.    (40)  Feb.  16. 

New  Viaduct  Oonatructlon  on  the  C.  &  E.  I.  Railway.    (i8)  Feb.  17. 

Operating  Mechanism,  Duluth  and  Superior  Swing  Bridige.    (14)  Feb.  82. 

Transfer  Bridges.    (11)  Feb.  88 . 

The  New  Colenno  and  Frere  Bridges,    (la)  Feb.  16. 

The  Interprovincial  Bridge,  Ottawa,  Canada.    (14)  March  10. 

The  Cuyahoga  River  Rollins  Lift  Bridge.    (14)  March  8. 

Falsework  for  Erecting  the  Manhattan  Towers  and  End  Spans,  New  East  River  Bridge. 

C.  E.  Fowler,  M.  Am.  Soc.  C.  E.    (13    March  8. 
Temporary  Bridge  Across  the  MLssissTppi  River  at  St.  Paul,  Minnesota.    Moving  of 

three  140-Foot  Spans.    A.  W.  Munster.    d)  Jan.,  1900. 
Pont  k  Jonction  Centrale  Partlelle  sur  ie  Ch6hfr.  (Algerie)  A.  Dumas.    (33)  Feb.  8. 
Ponts  Roulants  £lectriques.    (34)  Serial  beginning  Jan.,  ending  Feb..  1900. 
Le  Pont-Canal  de  Briare.    (35)  Serial  beginning  Jan.,  ending  Feb.,  190O. 

Electrical. 

A  Proposed  System  of  Units.    Professor  Reginald  A.  Fessenden.    (ay)  Feb.  84. 

The  F\iture  of  Electrical  Supply.    Alton  D.  Adams,    (o)  March.  1900. 

The  Drop  in  Alternating  Current  Wires.    Cecil  P.  Poole.    (37)  Feb.  84. 

American  Electrical  Engineering  Standardization.    C.  F.  Quilbert.    (a?)  March  8. 

The  Standardization  of  Electrical  Engineering  Plant.    R.  Percy  Sheldon,    (la)  Feb.  9; 

(aH)  Feb.  9. 
The  Facilities  Afforded  bv  the  U.  S.  Office  of  Standard  Weights  and  Measures  for  the 

Verification  of  Electrical  Standards  and  Electrical  Measuring  Apparatus.    Frank  A. 

Wolf,  Jr.    (aT)  March  10. 
Central  Distributing  Station  of  the  Philadelphia  Electric  Company,    (ay)  Feb.  84. 
Bromley  Electricity  Works.    (a6)  Feb.  16. 

An  English  Direct-Current  High  Tension  Central  Station,    (ay)  Feb.  17. 
The  Electric  Lighting  Stations  at  St.  Lukes,  Clerkenwell  and  at  Wandsworth.    (ii> 

Feb.  16t 
Ofty  Road  Electric  Supply  Station,    (la)  Feb.  88. 
Recent  Papers  on  the  Cfommutation   of  the   Direct-Chirrent  Dynamo.     (a6)   Serial 

beginning  Jan.  18,  endine  Feb.  88. 
Some  Notes  on  Balancing  ana  Boosting  Sets.    R.  Wightman.    (a6)  March  8. 
Minimum  Length  for  Bar  Winding  End  Connection.    Charles  O.  Simons,    (ay)  March  8. 
A  Transformer  for  Furnishing  Large  Chirrents,    ( 13 )  March  8. 
Economic  Equipment  of  Electric  Stations.    Alton  D.  Adams,    (ay)  March  8. 
The  Nemst  Lamp.    W.  Mc A.  Johnston.    ( ay)  March  8. 
The  Effects  of  L&htning  upon  Electric  Lamps.    (la)  Feb.  16. 
Fire  Alarm  and  Police  Telegraph  System,  Los  Angeles,    (ay)  Feb.  17. 
Cincinnati  Walnut  Hills  Telephone  Exchange.    H.  E.  Hall,    (ay)  March  10. 
The  Possibilities  of  Wireless  Telt^graphy.    (4a)  Dec.,  1899. 
Trolley-fed  Automobiles  in  France,    (ay)  Starch  10. 
Motors  for  Electric  Automobiles,    (ay)  March  10. 
Operating  Costs  of  Horse  and  Electric  Delivery  Wagons  in  New  York  City.    Gteo.  F. 

Sever  and  R.  A.  Fliess.    (4a)  Nov.,  1899. 
Electric  Automobiles.    Elmer  A.  Sperry.    (4a)  Nov.,  1899. 
Electric  Lighting  of  Railway  Carriages,    (la)  March  8. 
An  Electrical  Engraving  Pi-ocess.    N.  S.  Amstutz.    (ay)  Feb.  17. 
Apparatus  for  Finsen  Phototherapy.    S.  D.  Benolide.    (ay)  March  8  and  10. 
Electricity  in  Coal  Mining.    John  Price  Jackson  and  Frank  F.  Thompson.    (6a)  Serial 

beginning  Feb.  15  ,  ending  Feb.  88. 
Application  ae  la  Distribution  par  flls  a  la  Traction  £lectrlque  sur  Routes;  Systdme 

Lombard-Oerin.    N.  de  Tftdesco.    (36)  Feb.  85. 
Transmission  de  Force  par  TElectricitd  dans  les  Usines  de  Filature  et  Tissage  de  CoUm 

dela  Society  ''  La  Louisiane  '*  a  Gand.    (33)  Feb.  17. 
Trolley  Automoteur  pour  les  Transports  Automobiles  sur  Routes.    Ch.  Dantin.    (33) 

Feb.  10. 

Marine. 

High  Speed  Steam  Launch.    (11)  Feb.  8. 

The  New  Dutch  Ironclad  Koningen  Eegente.    (la)    Feb.  9. 

H.  M.  S.  Viper.    (a8)  Feb.  16. 

H.  M.  Torpedo  Boat  Destroyer  Viper  with  Parson's  Turbines.    (11)  Feb.  16. 

Shipbuilding  and  Marine  Engineering  In  1899.    Benjamin  Taylor.    (9)  March,  1900. 

The  Distribution  of  Materials  in  the  Upper  Works  of  Large  Steamers.    Samuel  J.  P. 

Theable.    (la)  Feb.  9. 
The  Diameter  of  Propeller  Shafts.    (11)  March  8. 
The  Electric  Process  of  Annealing  Armor  Plate  in  the  Construction  of  War  Ships. 

Charles  J.  Dougherty,    (a)  Feb..  1900. 
Les  Navires  Brise-Glace.    M.  Hachebert.    (33)  Feb.  84. 
Nouveau  Type  de  Qouvemall  Equlllbr6.    (33)  Feb.  84. 
Note  sur  rEvolution  de  la  Construction  des  Navires  de  Combat.    M.  L.  de  Chasseloup- 

Laubat.    (3a)  Feb.,  1900.    No.  4. 
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Mechanical. 

The  Economy  of  Economizers.    Alton  D.  Adams,    (jo)  March,  1900. 

'^e  Rating  of  8t --■-'-  -^  -      -     >-.     ..       

(13)  Feb.  15. 

e  westlnghouae-Parsons  Steam  Turbine,    (as, , 

A  800-H.-P.  De  Laval  Steam  Turbine  Motor.    Lindmark.    (56)  Feb.  10. 


The  Rating  of  Steam  and  Hot  Water  Boilers  for  Heating  Purposes.    James  liackay. 

(13)  Feb.  15. 
The  Westlnghouae-Parsons  Steam  Turbine,    (as)  March,  1900. 


The  BaXl  Tandem  Compound  Engine.    ( 14)  March  8. 

Uniform  Current  Dynamo  Engine  without  Separate  Flywheel.     F.  Collischonn.    (48) 

Feb.  17. 
Steam  Engine  Building  In  Switzerland.    A.  Stodoia.    (9)  March,  1900. 
A  New  Balanced  Piston  Valve.    William  O'Brien.    (47)  Feb.  24. 
A  New  Valve  Gear.    (47)  Feb.  34. 
New  ValvQ  Gear  for  Stcuim  Engines.    (13)  Feb.  15. 
The  Future  Development  of  the  Steam  Engine.    Alfred  Saxon.    (47)  Serial  beginnin.? 

Feb.  17,  ending  Feb.  24. 
Test  of  an  Electric  Generating  Set  in  the  State,  War  and  Navy  Building,  Washington. 

G.  W.  Balrd.    (14)  Feb.  17. 
Trials  of  Two  Pumping  Engines,    (la)  Feb.  9. 
The  Diesel  Oil  Engine.    (a4)  Feb.  19. 
First  Gas  Mot  >r  Blowing  Eng^tne.    (6a)  Feb.  15. 
Test  of  a  125-Horse-Power  Gas  Engine.    C.  H.  Robertson.    (47)  Serial  beginning  Feb.  8,. 

ending  Feb.  10. 
A  Coke  Oven  Plant  for  the  Supply  of  Illuminating  Gas.    Dr.  F.  Schniewlnd.    (aa)  March  2. 
Notes  on  Producer  Gas  as  Fuel.    (6a)  March  1. 
A  New  Austrian  Motor  Car.    (a8)  Feb.  16. 
The  Balmoral  Motor  Char  a-Banc.    (a8)  Feb.  9. 
A  Variable  Spead  Power  Transmission  Apparatus.    (13)  March  1. 
The  Oliverson-Rillingbeck  Variable  Speed  Gear.    (a8)  Feb.  16. 
Standardizing  Screw  Threads.    (6a)  Feb.  15. 
Friction  of  Coliierv  Engine  Packing,    (aa)  Feb.  9. 

Endless- Rope  Haulage  at  the  Coke  Ovens  of  the  Rochllng  Works.  Herr  Weihe.  (aa)  Feb.9. 
Benzine  Locomotive  for  Mine  Haulage,    (za)  Feb.  9. 
Wire  and  Wire  Drawing.    J.  Dixon  Brunton.    (a8)  Feb.  9. 
American  Wire  Rod  Rolling.    (40)  Feb.  15. 

The  Most  Perfect  Machine  Shop.  S.  D.  V.  Burr.  ( 40)  Serial  b^inning  Jan.  4,  ending  Feb.l5. 
The  Modem  Machine  Shop.    Joseph  Homer.    (10)  M»x!h,  1900. 
The  Principles  of  Refrigeration.    George  Richmond.    (10)  March,  1900. 
Linde  Liquid  Air  Machine  at  the  University  of  Michigan.    Alfred  L.  Davenport.    (i3> 

March  8. 
Air  as  a  Lubricant.    Herman  S.  Heichert.    (13)  March  8. 

A  Machine  for  Drawing  Seamless  Steel  Tubes  with  Longitudinal  Ribs.    (13)  March  1. 
Graphical  Treatment  of  Helical  Springs.    Edward  Grafstrom.    (a5)  March,  1900. 
Pneumatic  Dispatch.    Prof.  C.  A.  Carus  Wilson.    (11)  March  2. 
The  Lon^worth  Power-Hammer.    Ernest  Samuelson.    (11)  March 2;  (la)  March  2;  (aa) 

March  2;  r47)  March  S. 
Portable  Pneumatic  Tools.    Ewart  C.  Amos.    (11)  March  2;  (47)  March  8. 
The  Bessemer  Process  Used  for  Castings.    C.  Rott.    (48)  f%D.  S. 
The   Engineering  Laboratory  of   The  Royal  Technical  Hlghschool  of   Hanover.    F. 

Frese.    (48)  Serial  beginning  Feb.  17,  ending  Feb.  24. 
Transportation  of  Ore  and  Coal.    (5o)  Feb.  1. 

Automaticallv  Reg^istering  Meteorological  Instruments.    G.  Rung.    (54)  Jan.,  1900. 
Michelson's  Exshelon  Spectroscope.    (11)  Feb.  28. 
Variable  Speed  Gear.    ( la)  Feb.  28. 

The  Lifting  Power  of  Air  Propellers.    William  George  Walker.    (11)  Feb.  16. 
An  Electrolytic  Process  for  the  Production  of  Copper  Tubes.    Sherard  Cowi)er-Coles. 

C47)  Serial  beginning  Feb.  10,  ending  Feb.  24. 
Gen6rateur  &  \'apeur  Aquitubulaire  Sysidme  Turgan.    A.  Morlzot.  J36)  Feb.  25. 
Experiences  sur  la  Compression  faites  en  1899  au  Laboratolre  de  rUniverslt6  de  Lidge. 

M.  Dwelshauvers-Dery.    (37)  Jan.,  1900. 
Lee  Turbo-Machines.    M.  Rateau.    (37)  Jan.,  1900. 
Note  sur  rE^ulUbre  des  Efforts  d'Inertie  dans  un  Moteur  k  Cylindre  Oscillant.    Ch.  Le 

Chateller.    (37)  Jan.,  1900. 
Grue  Pivotante  Electrique  de  150  Tonnes  du  Port  de  Bremerhaven.    (33)  Feb.  8. 
Grues  Equilibrdes  pour  la  Construction  des  Navires.    (36)  Feb.  26. 

Military. 

War  Mechanism  in  South  Africa.    George  Ethelbert  Walsh.    (10)  March,  1900. 
Scientific  Sbarpshootlng.    Horace  Kephart.    (10)  March,  1900. 

Mining. 

The  Real  Error  of  a  Survey.    (45)  Feb.,  1900. 
PilUr  Drawing.    C45)  Feb.,  1900. 

Pit  Props  and  Their  Setting.    J.  Dickinson,    (aa)  Feb.  28. 
Steel  Headframes.    (45)  Feb.,  1900. 

A  New  Method  for  Working  Deep  Coal  Seams.    H.  M.  Chance,    (aa)  March  2. 
The  ZeU weger  Roasting  Kiln.    ( 1 6)  March  8. 

Tipping  Arrangement  for  Kibbles  Working  in  Guides,    (aa)  March  2. 
The  Gold  Zone  of  Copalquin,  Durango,  Mexico.    Frank  B.  Fowler.    (16)  Feb.  24. 
The  Largest  Collieries  in  the  United  States.    Burcham  Harding.    (16)  Serial  beginning 
Feb.  17,  ending  Feb.  24. 
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Municipal. 

The  Relation  of  Reservoirs  to  Parks.    (14)  Feb.  84. 

The  Distribution  of  Gas  Under  Pressure.    (14)  March  10. 

Brick  Pavements  from  a  Contractor's  Point  or  Vievr.    (14)  Feb.  84. 

Paving  Brick  and  Brick  Pavementa    Daniel  B.  Luten.    (14)  March  8. 

Railroad. 

Automatic  Block  Signals  (18)  Feb.  17. 

Electro-Pneumatic  Interlocking  at  the  Boston  Southern  Station.    J.  P.  Coleman.    (15) 

Serial  beginnizig  Jan.  86,  ending  Feb.  88 
The  Locomotive— Recent  Practice  and  the  Future.    F.  W.  Dean.    (i5)  Feb.  16. 
A  Corrugated  Fire  Box,  Return-Tube  Locomotive  Boiler.    (35)  Marcn,  1900. 
Compound  Locomotive  for  the  Western  Railnray  of  France.    (11)  Feb.  8. 
Types  of  Continental  Meter-Oauge  Engines,    (ai)  March,  1900. 
Six -Coupled  Engine,  Midland  and  Southwestern  Junction  Railway,    (la)  Feb.  88. 
An  Improvement  in  Locomotive  Eccentrics.    (a5)  M&rch,  1900. 
Port  Openings  and  Motion  of  Piston  Valves.    C.  A.  Selby.    (35)  March,  1900. 
The  Hardie  Mew  Valve  Gear.    (i«)  March  9. 

A  Run  on  the  North-Eastem  Railway.    Charles  Rous-Marten.    (la)  Feb.  88. 
A  Portable  and  Collapsible  PUe-Driver.    (14)  Feb.  17. 
Fifty-Ton  Ore  Car  of  the  Caledonian  Railway,    (ix)  Feb.  88. 
Westinghouse  Friction  Draft  Gear.    (35)  March,  1900;  (15)  Ifarch  0. 
New  Union  Station  at  Dayton,  Ohio.    (15)  Feb.  88. 
The  Depew  Shops  of  the  New  York  Central.    (15)  Feb.  16. 
TheOelwein  Shops.    (40)  March  8;  (18)  Serial  beginning  March  8,  ending  March  lOr 

(39)  BCarch,  iwX). 
Extensions  of  the  Stations  and  Buildings  on  the  Kaiser  Ferdinand  R.  R.    E.  Reltler. 

(JB3)  Feb.  16. 
The  Gravebals  Tunnel  (Norway ) .    Dolezalek  (51)  Serial  beginning  Feb.  10,  ending  Feb.  17. 
Main  Power  Station  and  Transmission  System  of  tha  Metropolitan  Street  Railway  Com- 
pany of  New  York.    (17)  March  8. 
Construction  of  the  St.  Louis.  Peoria  &  Northern  Railway.    F.  G.  Jonah.    (13)  Feb.  16. 
Loop  Construction  on  the  Rio  Grande  Western.    (18)  Feb.  84. 
Electrical  Engmeering  on  the  Brooklyn  Heights  Railroad.    (15)  Feb.  88. 
A  New  England  Suburban  Railway.    (17)  March  8. 

High  Speed  Three-Phase  Railway  from  Toledo  to  Norwaik.    (17)  March  8. 
Track  Elevation  in  Chicago.    (13)  Serial  beginning  Jan.  11,  ending  Feb.  88. 
Prices  of  Street  Railway  Track  Construction.    John  P.  Brooks.    (17)  March  8. 
Rail  Steel,  Its  Chemistry  and  Heat  Treatment.    William  R.  Webster.    (15)  Feb.  16. 
Notes  on  Electric  Traction  under  Steam  Railroad  Conditions.    Edward  C.  Boynton. 

(17)  March  8;  (13)  March  8. 
Chemlii  de  Fer  de  Tananarive  k  Tamatave,  Madagascar.    A.  Dumas.    (33)  Feb.  84. 
Methodes  Nouvelles  de  Chauffaffe  des  Trains  de  (Jhemlns  de  Fer  en  France.    (36)  Feb.  86. 
Lee  Transports  en  Commun  aans  Paris  et  sa  Banlieue.    Charles  Jean.    (33)  Serial 

beginning  Jan.  18,  ending  Feb.  16. 
Note  sur  le  Chxxsodiie  Lartigue  &,  Forest  en  Service  sur  le  Roseau  du  Nord.  M.  Cossman. 

(38)  Feb.,  1900. 
Note  sur  la  Consolidation  des  Attaches  dans  les  Traverses  de  CHiemins  de  Fer  au  Moyen 

de  Tr6naUs.    M.  Cartault.    (38)  Feb.,  1900. 

Sanitary. 

Street  Cleaning  Statistics  for  Forty  American  Cities.    (13)  Feb.  88. 

Street  CeanlDg  in  London.    (14)  March  10. 

Refuse  Destruction  and  Electric  Lighting  in  Bermondsey.    (a6)  March  8. 

Progress  of  Drainage  in  New  Orleans.    Alfred  Francis  Theard.    (1)  Jan.,  1900. 

A  Large  Storm  Water  Sewer.    (14)  March  10. 

Sewer  Ventilation.    A.  Prescott  Folwell,  M.  Am.  80c.  C.  E.    (14)  March  8. 

The  Clinton,  Mass.,  Sewage  Disposal  System.    (14)  March  8. 

The  Iowa  State  College  Sewage  Disposal  Plant.    (14 )  Feb.  17. 

Sewage  Disposal  at  the  Springfield  Home,  New  Haven.    (14)  March  10. 

Results  Obtained  with  the  Ames  Sewage  Disposal  Works.    (14)  Feb.  84. 

The  Bacterial  Treatment  of  Crude  S3wage.    (la)  March  8. 

Bacterial  Sewage  Treatment.  Oswestry.  Eiigland.    (14)  March  10. 

Report  on  Sewage  Sludge  Deposits  on  the  Experimental  Coke  Beds,  London.  England. 

(13)  March  8. 
Lee  Puisards  k  Chicanes  et  les  Puisards  de  Rue.    A  Stas.    (30)  Feb.,  1900. 

Stmctural. 

Foundry  Iron.    Herbert  Piikington.    (a8)  Serial  beginning  Feb.  8.  ending  Feb.  16. 

Annealing  Malleable  Cast  Iron.    George  C.  Davis.    (6a)  March  8. 

The  Resistance  of  a  Cylindrical  Tube  to  Uniform  Exterior  Pressure.    Meldahl.    (55) 

Jan.  87. 
The  Pressing  of  Steel,  with  Especial  Reference  to  Economy  in  Transportation.    Henrlk 

V.  Loss.    (47)  Serial  beginning  Jan.  18,  ending  Feb.  17. 
The  Heat  Treatment  and  Micro-Structure  of  Stei^J.    H.  Champion.    (a8)  Serial  beginning 

Jan.  86,  endimr  Feb.  0. 
Some  Practical  Notes  on  the  Manufacture  of  Steel  on  the  Basic  Open  Hearth.    Thomas 

Turner,    (aa)  Feb.  88. 
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Structural —(Continued ) . 

The  Determination  of  Graphitic  Carbon  in  Cast  and  Pig  Iron.    Allen  P.  Ford  and  I. 

M.  Bregowskv.    (j>4)  Feb.  2. 
The  Flow  of  Steel.    Henrik  V.  Loss.    (40)  Feb.  16. 
The  Talbot  Steel  Process  at  the  Pencoyd  Iron  Works.    (14)  Feb.  17. 
The  Talbot  Continuous  Open-Hearth  Steel  Process,    (aa)  Feb.  28. 
A  New  Oas  Crucible-Steel  Furnace,    (aa)  Feb.  9. 
Elastic  Blag- Wool  Brick.    A.  D.  Elhers.    (>a)  Feb.  9. 

The  Computation  of  Concrete  Footings  for  Walls  and  Columns.    (13)  March  8. 
The  Present  Status  of  En^neering  Knowledge  Respecting  Masonry  Construction     David 

Molitor,  M.  Am.  Soc.  C.  E.    (1)  Jan.,  19(%. 
Tests  of  Small  Model  Cement  Arches  to  Determine  the  Value  of  Tie  Rods.    Daniel  B. 

Luten.    (13)  Feb.  16. 
Retaining  Wall  of  Concrete  with  Metal  Skeleton.    (13)  Feb.  16. 
The  Designing  of  Skew  Connections  for  Roof  and  Bridge  Work,    C.  A.  P.  Turner.    (13) 

Serial  beginning  Feb.  16,  ending  Feb.  22. 
Preventing  Condensation  on  Windows.    (la)  Feb.  28. 
Steam  Pipe  Engineering.    W.  H.  Wakeman.    (10)  March,  1900. 
The  New  Works  of  the  Copkiy  Cement  Company.    (14)  Feb.  24. 
The  Wimdsworth  Electricity  Supply  Station.    ( la)  March  2. 


Power  Station  of  the  Third  Avenue  Railway,  New  York.    (40)  March  9. 

The  Works  and  Operations  of  Pahner's  Ship  Building  and  Iron  Company,    (aa)  Feb.  16. 

New  Union  Passenger  Station  at  Springfield,   10.;  Illinois  Central  Railroad.     (13) 

March  1. 
Stables  on  the  Stern  Country  Estate.    (14)  March  10. 
Plumbing  in  Fifth  Avenue  Residences,  New  York.    (14)  March  10. 
Model  Tenements.    (14)  March  8  and  10. 

Ventilation  and  Heating  of  the  Nashville  Union  Station.    (14)  Feb.  24. 
Draughting  Department,  Union  Iron  Works,    (14)  March  10. 
An  Interesting  £3cample  of  a  Modern  Blue  Printing  Room.    (13)  Feb.  22. 
A  Chimney  at  the  Paris  Exposition.    (14)  Feb.  17. 
De  la  Resistance  des  Murs  en  Briques.    {33)  Feb.  8. 

Les  Rdsultats  de  Quelques  Experiences  sur  lee  Batons.    Ch.  Piens.    (30)  Feb.,  1900. 
Le  Ciment  Portland  et  le  Ciment  de  Laitier.    M.  GUlis.    (30)  Feb.,  1900. 
Mairie  de  Brunoy  (Seine-et-Oise).    M.  Breasson.    (35)  Feb.,  1900. 

Tunnel  de  Rooco  (Italie).    Travauz  de  Reconstruction  et  d'Achdvement.    (33)  Feb.  17, 
Chemtndes  Monumentales  du  Chomp-de-Mars.    Conditions  d'Etablissement  des  Deux 

Cheminees.  Chemln6e  de  TUsine  de  T Avenue  de  Suffren.    Emiie  Cayla  and  Paul 

Lerolle.    (33)  Feb.  10. 

Topographical. 

Methods  of  Determination  of  Latitude,  Longitude  and  Solar  Time  in  Reconnoissance 
Surveys.    William  S.  Post.    (13)  March  1. 

Water  Supply. 

An  Electric  Recording  River  Gauge.    (14)  March  10. 

Cost  of  Hydraulic  Power  in  Switzerland.    ( 14)  Feb.  24. 

Water  Power  for  Electric  Traction,  Isle  of  Man  Railways.    (a7)  March  8. 

The  Coolgardie  Pipe  Line.    (14)  Feb.  24. 

Cement-Lined  Service  Pipe  ana  Lead  Poisoning  from  Lead  Pipe.    (13)  Feb.  22. 

The  Goose-Neck  Canyon  Dam.    (14)  March  10. 

The  Brlghtwood  Reservoir,  Washington,  D.  C.    (14)  March  8. 

Constructing  the  Jerome  Park  Reservoir.    (14)  Feb.  17. 

A  British  View  of  Water  Waste.    (14)  Feb.  17. 

Water  Meters  of  the  Present  Day  with  Special  Reference  to  Small  Flows  and  Waste  in 

Dribbles.    William  Sch5nheyder.    (11)  Serial  beginning  Feb.  2,  ending  Feb.  9;  (47) 

beginning  Feb.  8,  ending  h  eb.  10. 
The  Efficiency  of  Mechanical  Filtration.    (14)  March  10. 
The  Water-Works  of  Merthyr  Tydfil.    (14)  March  10. 

Essal  de  Terminoiogie  Hydrologlque.    Th.  Verstraeten.    (31)  Fourth  part,  1899. 
Quelques  Considerations  sur  la  Production  de  TOssone  et  son  application  4  la  Sterilisation 

des  Eaux.    M.  X.  Gosselin.    (3a)  Feb.,  1900,  No.  8. 

Waterways. 

The  Sllting-up  of  Lake  McDonald  and  the  Leak  at  the  Austin  Dam.    Thomas  U.  Taylor, 

Assoc.  M.  Am.  Soc.  C.  E.    (13)  Feb.  22. 
A  6-Cubic  Yard  Dipper  Dredge  for  Use  on  the  Great  Lakes.    (13)  March  1. 
Proposed  Improvements  of  the  Southwest  Pass  at  the  Mouth  of  the  Mississippi.    (13) 

Feb.  16. 
New  York*s  Cfuial  Problem— A  Discussion  of  the  Report  of  the  Advisory  Committee. 

William  G.  Rasrmond,  M.  Am.  Soc.  C.  E.     (15)  Serial  beginning  March  2,  ending 

March  9. 
Dock  Equipment  for  the  Rapid  Handling  of  Coal  and  Ore  on  the  Great  American  Lakes. 

Arthur  O.  Johnston,    (i)  Jan..  1900. 
Le  Port  d'Escale  de  Zeebrugge.    Ch.  Piens.    (30)  Feb.,  1900. 
LePort  de  Bilbao.    Alfonso  Dory.    (31)  Serial  beginning  in  fourth  part,  1896,  ending  in 

fourth  part,  1899. 
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MEMBERSHIP. 

ADDITIONS. 

MEM BBB8.  Date  of 

Membership. 

BiutD,  Edwabd  Jambs, 

Prin.  A8»t.  Eng.,  Choctaw,  Oklahoma  and  Gulf  R.  R.  Co., 

Little  Rock,  Ark Feb.    7,  1900 

Hazbn,  Ai.i<bn,  I  Assoi.  M.    Jnne   3,  1896 

Cons.  Eng.,  St.  Paul  Bldg..  New  York  City.,  j  M.    Mar.    6.  1900 

MlIiLIS,  JOHK, 

Willets  Point,  Borough  of  Queens,  N.  Y Mar.    7,  1900 

Olmsted,  Fbank  Hbnbt, 

City  Engineer,  Los  Angeles.  Cal Feb.    7.  1900 

PaBKBB,  WlIilXLM, 

Division  Eng..  Boston  ft  Albany  R.  R.,  Room  872,  South 

Station,  Boston,  Mass Mar.    7,  1900 

QuiNTON.  John  Henbt. 

Consulting  Eng.,  City  Engineering  Dept.  (Res.  1016  West 
8thSt.),  Los  Angeles,  Cal Feb.    7,  1900 

A8B00LLTE  MXMBBB8. 
COMBTOOK,  ChABLBS  WoBTHINOTON, 


Prof,  of  Min.  Eng.,  Colorado  State  School  of  ( j^^  April  5    1892 

Mines,  Golden,  Colo.  (Res.  278  So.  Lincoln  <  j^gJyQ     \r  ^eb  1    1900 

Ave.,  Denver,  Colo.) f 

Etans.  John  Maubicb,  / 

Inspector,  N.  Y.  C.  ft  H.  R.  R.  R.,  Albany,  \  ^^^'       .,  ^^  ^  }f^ 

^  Y,                                                                (Assoc.    M.  Jan.  3,1900 

Evans,  Mtbon  Edwabd,                                              r  Jun.  Jan.  3,  1895 

20  Nassau  St.,  New  York  City   \  Assoc.    M.  Feb.  7,  1900 

FiBH,  John  Chablbs  Lounsbubt,  / 

Assoc.  Prof,  of  Civil  Eng.,  Stanford  Univ..  J  ^'^^'       ,  l*"'  ^^»  ^^^ 

PaloAlto,Cal \  ^^^'    M.  Feb.  7.  1900 

Habbinoton,  John  Ltlb,  t  Jun.  Aug.  31,  1897 

35  Crescent  St.,  Middletown,  Conn }  Assoc.   M.  Oct.  4,  1899 

Johnson,  Rankin, 

Chf.  Asst.  Eng.,  Mexican  International  R.  R.,  Durango, 

Mexico Feb.  7,  1900 

MoiiBB,  William  GBimTH, 

Apartado  289.  Mexico  City,  Mexico Jan.  3,  1900 

SoHMiTz,  Fbank  Cubtiss, 

908  Lawyers' Bldg.,  Newark,  N.J Dec.  6,  1899 

Wood,  Ibvino  Spabbow.                                            /  i#  k     qoa 

Asst.  Eng,,  City  Engrs.  Office,  Providence,  J  ^'^^'  ^^'  ^'  ^^^ 


•■I: 


^   I  \  A»80C.    M.    Mar.    7,  1900 
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ASSOCIATE. 

Date  of 
Wbbsb,  Gkobqb  Adam,  Membership. 

Empire  Bldg.,  71  Broadway,  New  York  City Feb.    6,  1900 

lUNIOBS. 

OuLoiN,  Guy  Whitmobe, 

703  Sixth  St.,  New  York  City  Mar.     6,  1900 

ObAYSS,  WnXABD  FRANKIilN, 

Care  of  Choctaw,  Oklahoma  k  Galf  R.  R.  Co.,  Shawnee, 

Oklahoma     Oct   31,  1899 

Hows,  Chables  Edwabd, 

Chf.  Eng.,  Wabash  Bridge  and  Iron  Works,  Wabash,  Ind . .     Mar.    6,  1900 
Waoswobth,  Gboboe  Reed, 

AsBt.  Eng.,  Middle  Div.,  N.  Y.  C.  &H.  R.  B.  R.  Co  ,  Albany, 

N.  Y Feb.     6,  1900 

CHANQES  OP  ADDRESS. 


BiDDLB,  John ManiU,  Philippine  Islands. 

Oappelen,  Fbedebick  WiUiiAM 501  Oneida  Block,  MinneHpolis,  Minn. 

Oatt,  Gboboe  WiUiiAM    Pres.  Atlantic  Gulf  &  Pacific  Co.,  Engrs. 

and  Contrs.,  24th  floor.  Park  Row  Bldg., 

New  York  City. 
Gbihshaw,  James  Walteb .• .  Asst  Eng.,  Public  Works  Dept    (Address, 

Australian    Club,    Sydney,   N.   S.    W., 

Austialia.)    « 
Hazabd,  Schutlbb Div.  Eng.,  Penna.  Div.,  N.  Y.  C.  &  H.  R. 

R.  R.,  Jersey  Shore,  Pa. 
HiTOHOocK,  Fbedebick  Collamohe  .Care  of  Geo.  S.  Good  k  Co.,  Lock  Haven, 

Pa. 

Labelle.  Henbt  Fbancbb P.  O.  Box  72,  Newark,  N.  J. 

LowBTH,  Chas.  Fbedebick 19  First  National  Bank  Bldg.,  St.  Paul, 

Minn. 
Maxwell,  James  Riddle Chf.    Eng.     of    Explorations,    Inthmian 

Canal    Comm.,    Cartagena,    Colombia, 

S.  A. 
Noble  Thebon  Augustus  Care  of  D.  W.  Deshler,  Chemulpo,  Korea, 

Asia. 

PowEB,  Geoboe  CoTFDf Ventura,  Cal. 

RoooE,  John  Chables  Lewis 683  East  141st  St.,  New  York  City. 

Ttb,  William  Fbancis .'Chf.  Eng.  of  Const,  C.  P.  R.  Co.,  Winni- 
peg, Manitoba. 
Tan  Hoesbn,  Edmxtnd  Fbench Chf.  Eng.  and  Supt.,  Empire  State  Power 

Co.,  AmHterdam,  N.  Y. 
Weiskopp.  Samuel  C Battery    Pork   Bldg.,  24  State  St.,  New 

York  City, 
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A8800IATB  MBMBSB8. 

Hnx,  Wai;tsb  Abthub 1425  Spmoe  St.,  Berkeley^  Cal. 

JoBDAN,  William  Fbbdbsigk Oare  of  Chief  Engrs.  Office,  N.  T.  C.  k 

H.  B.  B.  Bm  Grand  Central  Station, 

New  York  City. 
Kbnmbt,  Edwabd  Filbubtbb EnR.  of  Tests,  P.  B.  B.,  Broad  St.  Station, 

Philadelphia,  Pa. 

LoGKWooD,  WiLLABD  Datub 83  Melgs  St.,  Bocheeter,  N.  Y. 

MoMnKDT,  Cbas.  Wm P.  O.  Box  8*21,  VanoonTer,  B.  0. 

MooBNBKN,  Olat  Eimab Box  235,  WlDnetka,  111. 

JUMIOBB 

TiBHXB,  Waobb Care  of  Jersey  City  Water  Snpply  Co., 

Boonton,  N.  J. 
'GsBOOBT,  John  Hsbbbbt  Asst.  Eng.  Imp.  of  Water  Supply,  Bureau 

of  Highways,  418  City  Hall,  Philadel- 

phia»  Pa. 

HoBTON,  Samdvobd.   214  N.  Summit  St.,  Indianapolis,  Ind- 

Millabd,  CuBTis Gen.  Man.,  C.  P.  &  St  L.  By.  Co.  of  lUi 

nois,  Springfield,  Dl. 


DEATH. 

Pbbbiian,  Ebmbst  Gbbt Elected  Associate  Member  May  3d,  1893; 

Member  October  6th,  1898;  died  March 

6th,  1900. 
Williams,  Edwabd  Hiooimson Elected  Member    September  5th,    1883; 

died  December  2l8t,  1899. 
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Note.— This  Society  is  not  respoosibie,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


RECENT  STADIA  TOPOGEAPHIC  SURVEYS:  NOTES 
RELATING  TO  METHODS  AND  COST. 


By  WHiUAH  B.  Landbbth,  M.  Am.  Soo.  C.  E. 
To  BE  Pbesented  ApRHi  4th,  1960. 


Surveys  to  determine  the  location  of  possible  reservoirs  and  condnit^ 
lines  for  famishing  water  for  the  summit  level,  or  Borne  level,  of  the 
proposed  Deep  Waterway  on  the  Oswego-Mohawk-Hudson  route  were 
made  under  the  direction  of  the  Board  of  Engineers*  on  Deep  Water- 
ways, between  August  1st,  1898,  and  June  1st,  1899.  *  Oeorge  W.  Bafter 
was  Chief  Engineer  of  the  Water  Supply  Divisions,  with  J.  Y.  McClin- 
tock,  H.  F.  Northrup  and  the  writer.  Members  Am.  Soc.  C.  E.,  aa 
Assistant  Engineers. 

Mr.  McClintock  was  in  charge  of  the  surveys  on  the  feeder  line  from 
Carthage  to  Bome,  N.  Y.  Mr.  Northrup  was  in  charge  of  the  base-Hue 
surveys  on  the  Salmon  and  Black  Bivers,  and  of  the  topographic  work 
on  the  latter  stream  near  Carthage.  The  writer  was  in  charge  of  the 
topographic  work  on  the  Salmon  Biver,  on  the  Black  Biver  beyond  the 
limits  of  Mr.  Northrup's  survey,  and  on  a  portion  of  the  feeder  line,  as 
a  branch  of  Mr.  McClintock's  main  party.     Mr.  B.  E.  Failing  was 


NoTB.— These  papers  are  Issued  before  the  date  set  for  presentation  and  discussion. 

rrespondence  is  invited,  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 

sent  by  mail  to  the  Secretary.    Discussion,  either  oral  or  written,  will  be  published  in  a 


subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  in  Transactions. 

*Lieut.-Col.  C.  W.  Raymond,  Alfred  Noble  and  George  Y.  Wisner,  Members,  Am. 
Soc.  C.  E. 
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transit  man,  and  Mr.  J.  T.  Parsons  in  charge  of  the  office  and  map  work, 
on  the  writer's  party. 

Party  and  Outfit, — The  topographic  party  was  composed  of  an 
assistant  engineer  in  charge,  a  transitman,  a  recorder,  three  or  more 
stadia  rodmen,  a  draughtsman,  a  computer  and  two  or  more  axmen. 
When  running  spirit  levels,  Mr.  K.  L.  Burns,  head  stadia  rodman,  was 
detached  from  the  main  party  for  that  purpose. 

The  outfit  consisted  of  a  transit  fitted  with  non-adjustable  stadia 
hairs,  its  horizontal  limb  reading  to  20  seconds,  and  vertical  arc  to 
single  minutes,  one  stadia  rod  for  each  rodman,  a  Y-l®vel  and  rod;  a 
large  canvas  umbrella,  a  tin  megaphone,  a  100- ft.  steel  tape,  and  the 
necessary  office  outfit  of  drawing  table,  instruments,  etc.  The  whole 
outfit  had  been  in  use  previously  on  the  surveys  of  the  main  line  of  the 
Deep  Waterway. 

Field  Work, — The  method  used  in  the  topographic  field  work  was 
that  generally  adopted  on  surveys  where  the  distances  are  taken  by 
stadia.  The  assistant  engineer  selected  the  base-line  points  to  be 
occupied,  and  located  the  forward  stadia  points  on  the  circuits,  so  as  to 
cover  the  territory  fully,  and  the  party  followed  as  closely  as  possible. 
Each  rodman  was  given  a  particular  class  of  objects  to  locate;  one 
following  the  streams,  another  taking  contour  points,  another  the  roads, 
buildings,  woods,  etc. 

Each  rodman  worked  independently,  but  when  convenient  all  were 
kept  on  the  same  side  of  the  transit,  to  facilitate  the  reading  and  plot- 
ting of  the  azimuths.  An  early  trial  was  made  of  the  method  of  plac- 
ing all  the  rodmen  on  one  azimuth,  taking  readings  to  each,  and  then 
moving  all  of  them  ahead  to  another  azimuth;  but  it  was  soon 
abandoned  as  being  productive  of  vexatious  delays. 

In  working  on  streams  of  considerable  size  a  circuit  was  run  along 
one  bank,  and  both  slopes  were  worked  from  it,  the  party  of  rodmen 
being  divided  between  them.  Wooded  gorges  were  worked  from  cir- 
cuits on  the  top  of  each  bluff,  each  slope  being  taken  from  the  circuit 
on  the  opposite  bluflf.  When  the  large  streams  were  frozen,  a  circuit 
was  run  on  the  ice,  and  both  banks  were  located  therefrom.  Crooked 
unfrozen  streams  were  located  from  a  circuit  crossing  them  at  the 
bends,  with  rodmen  on  each  bank,  the  remainder  of  the  party  crossing 
from  point  to  point  in  a  boat.  Long  wooden  slopes  were  taken  from 
circuits  along  the  top  and  foot  thereof,  and  from  short  circuits  con- 
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nocting  them,  and  so  spaced  as  to  cover  the  territory  fully.  Two  cor- 
ners of  each  building  were  generally  located,  the  rodman  measuring 
the  other  dimensions  with  his  rod  and  giving  the  data  to  the  recorder 
when  passing  him. 

All  streams,  roads,  buildings,  outlines  of  woods,  town  and  county 
lines  and  changes  of  slope  were  located.  The  contour  interval  on  the 
surveys  of  the  Salmon  and  Black  Biver  reservoirs  was  10  ft.,  and  on 
the  Fish  Creek  feeder  line  5  ft.,  with  a  2-ft.  interval  on  2  square  miles 
near  the  dam  site  on  the  Salmon  Biver. 

In  rough  ground  the  assistant  engineer  made  field  sketches  on  stiff- 
backed  pads  of  cross-section  paper,  upon  which  governing  points 
were  located  and  numbered  to  correspond  with  the  numbering  of  the 
«hots  locating  them.  It  was  found  that  the  making  of  full  sketches  on 
^11  kinds  of  territory  greatly  retarded  the  progress  of  the  field  work 
^thout  a  corresponding  gain  in  the  rate  of  mapping. 

Office  Work,— At  the  close  of  each  day's  field  work  the  field  party 
reduced  and  checked  the  day's  stadia  readings  and  vertical-angle  ele- 
vations, and  the  office  force  calculated  the  latitudes  and  departures  of 
the  stadia  circuits.  Two  or  more  field  books  were  in  use  at  one  time, 
the  recorder  changing  books  each  day  and  leaving  the  book  of  the 
previous  day  for  the  use  of  the  office  force. 

The  mapping  sheets  were  of  heavy  mounted  white  paper,  45  x  32 
ins. ,  with  a  working  limit  of  37  x  25  ins.  The  base,  sub-base  and  stadia 
circuit  lines  were  plotted  carefully  by  latitudes  and  departures,  care 
being  taken  to  locate  the  working  borders  of  each  sheet  so  that  the 
mapped  surface  would  be  evenly  balanced  thereon. 

The  sheets  were  lettered,  inked  and  tinted  to  correspond  with  the 
same  class  of  work  done  by  the  United  States  Geological  Survey.  The 
scale  of  the  Salmon  Biver  and  Black  Biver  maps  was  urirnr*  ^^^  ^^  ^^^ 
Fish  Creek  map  sjhv' 

Description  of  Territory, — The  work  on  the  Salmon  Biver  consisted 
of  a  survey  of  the  valley  of  that  stream  above  the  Salmon  Biver  Falls, 
for  a  possible  reservoir  site.  For  a  mile  above  the  falls  the  gorge  of 
the  river  is  from  400  to  500  ft.  wide  with  steep  banks  from  75  to  100 
ft.  high. 

At  the  head  of  the  gorge  the  valley  widens  out,  forming  flats  from 
1  to  li  miles  wide,  which  extend  about  10  miles  up  stream. 

The  river  flats  are  900  to  910  ft.  above  tide  water,  the  survey  cover- 
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ing  the  oonntrj  up  to  the  970-ft.  contour.  About  65%  of  the  area 
surveyed  is  covered  with  small  second-growth  timber  and  swamps. 
The  north  slope  of  the  valley  is  an  unbroken  range  of  hills,  but  the 
south  slope  is  broken,  necessitating  the  careful  location  of,  and  spirit 
leveling  over,  several  long  dyke  sites.  A  range  of  partly  wooded 
hills,  from  50  to  75  ft.  high  runs  lengthwise  of  the  valley  on  the  south 
side  of  the  river,  for  a  distance  of  5  miles,  with  dense  swamps  between 
it  and  the  south  side.  The  village  of  Bedfield,  having  a  population  of 
about  500,  came  within  the  limits  of  the  survey. 

The  survey  of  the  Fish  Creek  Valley  extended  from  2  miles  above 
the  village  of  Williamstown  to  2  miles  below  the  railroad  station  at 
Taberg,  a  distance  by  rail  of  21  miles.  The  survey  covered  the  flat 
portion  of  the  valley  and  the  side  slopes  and  tributary  streams  to  an 
elevation  of  75  ft.  above  the  stream.  The  ground  covered  was  mostly 
grazing  and  farm  lands,  40%  of  which  was  timbered.  Below  the 
village  of  Camden  the  stream  runs  in  a  crooked  gorge  from  200  to  600 
ft.  wide,  having  steep  wooded  walls  from  75  to  150  ft.  high,  cut  from 
an  open  plaia.  The  villages  of  Williamstown,  West  Camden,  Camden 
and  McConnellsville  lie  within  the  area  covered  by  the  survey. 

The  survey  for  a  reservoir  site  on  the  Black  River  covered  the 
valley  of  that  stream  between  the  villages  of  Carthage  and  Lyons  Falls» 
up  to  the  790-ft.  contour.  At  Carthage  the  sides  of  the  valley  approach 
to  within  500  ft.  of  each  other,  forming  a  natural  dam  site,  with  rock 
at  a  reasonable  depth.  Above  Carthage  the  valley  widens  out,  until 
at  Castorland,  10  miles  up  stream,  it  is  8  mUes  wide.  Opposite  the 
village  of  Lowville,  19  miles  from  Carthage,  the  valley  begins  to  narrow 
up,  and  at  Lyons  Falls,  40  miles  from  Carthage,  the  sides  close  to- 
gether, forming  falls  65  ft.  high.  Three  large  streams  enter  the  valley 
from  the  east,  forming  long  tributary  valleys. 

The  river  flats  lie  mostly  between  the  730  and  740- ft.  contours;  the 
river  being  canalized  between  Carthage  and  Lyons  Falls,  with  dams 
and  locks  at  Otter  Creek  and  Bushee's  Landing. 

About  25%  of  the  area  covered  by  the  survey  is  wooded,  and  the 
east  side  is  partly  covered  with  granite  boulders,  ranging  in  size  from 
that  of  a  barrel  to  that  of  an  average  city  block. 

An  area  of  15  sq.  miles  above  the  790-ft.  contour  was  surveyed  for 
a  relocatioQ  of  the  Black  Biver  Division  of  the  New  York  Central  and 
Hudson  River  Railroad,  between  the  villages  of  Carthage  and  Lowville. 
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Accuracy  of  the  Surveys. — As  the  use  to  which  the  finished  maps 
were  to  be  put  did  not  call  for  great  accuracy  in  the  surveys,  it  was 
not  sought.  The  stadia  circuits  checked  within  15  ft.  in  latitudes  and 
departures,  and  within  0.50  ft.  in  elevation,  with  a  permissible  limit 
of  1  ft.  in  the  latter.  The  error  on  closure  in  the  stadia  circuits  was- 
from  1  in  1 200  to  1  in  1 400,  their  length  varying  from  |  mile  to  8  miles. 
A  30-mile  circuit  of  spirit  levels  closed  within  0.09  ft.,  being  within  the 
limit  of  error  allowed  on  the  United  States  Geological  Survey. 

Rate  of  Progress  and  Cost.  — Table  No.  1  gives  the  rate,  area  covered,, 
cost  per  square  mile,  and  other  data  regarding  the  entire  work. 


TABLE  No.  1. — Bate,   Cost  and  Otheb  Data  op  the  Thbee 

Surveys. 


Salmon 
River. 


Fish 
Creek. 


Black 
River. 


1898, 
Oct.  22d, 
Dec.  »th. 

1898. 
Dec.  18th, 

1809, 
Feb.  8d. 


Apr.  4th, 
May  27th. 


I 


47 


44 


I" 


m 


461 


600 


8  888 


11  776 


11  166 


1  = 


ll 

1"^ 


58.97  26.85 


66.18  24.87 


188.48  84.40 


fl 

s 

h 

It 

^ 

OQ 

1.92 

17.80 

66.66 

16 


19 


86 


I 
s 
1 


0.46 


1.81 


Cost. 


66.00 


M 


r 


% 

14.00 


64.00  25.00 


16.60 


7.00 


Kb 

n 


80.00 


79.00 


28.00 


3 


% 

1  200.00^ 


1  600.00 


2  000.00 


The  cost  includes  the  salaries,  maintenance,  traveling  expenses  and 
supplies  for  the  entire  party,  from  the  time  of  leaving  the  main  office 
until  the  completion  of  the  finished  maps. 

The  cost  of  the  base-line  surveys  for  the  Salmon  Biver  and  Fish 
Creek  work,  and  for  one-third  of  the  Black  Biver,  is  not  included  in 
the  cost  as  given.  The  area  given  in  the  table  is  that  covered  by  the 
writer's  party.  The  variation  in  the  cost  and  rate  p^r  square  mile  on 
the  several  surveys  is  probably  caused  by  the  different  conditions  of 
weather,  foliage  and  territory  covered  by  them,  and  the  increase  for 
mapping  on  the  Fish  Creek  survey  is  traceable  to  the  use  of  a  small 
contour  interval  and  a  large  map  scale. 
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ON  THE  FLOW  OF  WATER  OVER  DAMS. 


By  Geoboe  W.  Baftbb,  M.  Am.  Soc.  C.  E. 
To  BE  Pbesented  Apbil  18th,  1900. 


The  classical  experiments  of  the  late  James  B.  Francis,  M.  Am.  Soc. 
0.  E.,  on  the  flow  of  water  over  sharp-crested  weirs,  extended  our 
knowledge  of  the  general  problem  of  weir  flow  considerably;  and 
although  Mr.  Francis  pointed  out  the  fact  that  flow  over  sharp-crested 
weirs  followed  quite  different  laws  from  those  of  flow  over  broad  and 
sloping  crests,  nevertheless  it  is  probably  true  that  95%  of  all  computa- 
tions of  flow  over  dams,  made  in  the  United  States  in  the  last  twenty-five 
years — whatever  the  form  of  crest— have  been  based  upon  Mr.  Francis* 
formula  for  sharp-crested  weirs.  So  far  has  this  erroneous  practice 
proceeded  that  engineers  have  even  used  Mr.  Francis'  sharp-crested 
weir  formula  for  computing  flow  over  irregular  profiles,  because,  in 
cases  of  litigation,  Courts  would  accept  the  results  without  question. 
This  is  the  more  extraordinary  because  Mr.  Francis  himself  showed,  by 
his  study  of  the  Merrimac  Dam,  the  considerable  variation  in  flow 
resulting  from  change  of  form  of  crest. 

Probably  the  main  reason  engineers  have  gone  so  far  astray  on  this 

question  has  been  the  nearly  entire  lack  of  data  applying  to  various 

Note.— These  papers  are  Issued  before  the  date  set  for  presentation  and  diseussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers  with  discussion 
in  full  will  be  published  ia  the  volumes  of  Transactions. 
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forms  of  crests.  It  is  true  that  a  few  advanced  hy dranlicians  have  dis- 
cussed the  effect  of  variations  in  width  of  crest,  but  it  has  remained  for 
H.  Bazin,  In»pecteur  04n4ral  dea  Fonts  et  Ohauss^es,  to  elucidate  the  whole 
problem  in  a  series  of  masterly  studies,  which  may  be  found  in  Annales 
des  Fonts  et  Chaussies  for  the  years  1888, 1890, 1891, 1894, 1896  and  1898. 
These  studies  are,  as  regards  detail  and  minute  research,  unparalleled. 

Messrs.  Fteley  and  Stearns,*  have  indeed  shown  the  effect  of  width 
of  crest  on  discharge  over  weirs.  Their  experiments,  while  decisive 
for  the  cases  studied,  are  still  quite  limited  in  scope,  but  Bazin  has 
determined  coefficients  for  a  very  large  number  of  cases,  not  only  of 
crests  of  different  widths,  but  with  varying  front  and  rear  slopes,  as  well 
as  for  curved  profiles.  Indeed,  taking  into  account  the  backward  state 
of  knowledge  of  flow  over  weirs,  his  work  is  in  many  respects  revolu- 
tionary. Certainly,  with  the  data  now  available,  there  is  no  excuse  for 
using  a  sharp-crested  weir  formula  in  computations  of  flow  over  various- 
flhaped  crests,  irregtdar  or  otherwise. 

In  making  the  foregoing  comments,  the  writer  has  no  intention  of 
criticising  the  work  of  others.  Indeed,  he  has  himself  groped  blindly 
in  the  dark  in  this  matter,  as  other  engineers  have  done.  His  intention 
is  to  present  an  irrational  practice  so  saliently  that — with  the  data  now 
at  hand—from  this  time  on,  the  use  of  sharp-crested  weir  formulas  for 
computing  flow  over  weirs  of  all  sorts  of  shapes  will  be  discontinued. 

An  illustration  from  the  writer's  experience  is  pertinent  to  the  dis- 
cussion. During  the  last  twenty  years  he  has  had  occasion  to  gauge 
streams  extensively  in  various  parts  of  the  United  States.  Long  ex- 
perience convinced  him  several  years  ago  that  sharp-crested  weir 
formulas  were  not  applicable  to  dams  with  sloping  crests,  and  accord- 
ingly, in  arranging  for  an  extensive  series  of  gaugings  of  the  Genesee 
Hiver,  over  a  sloping-faced  dam  at  Mount  Morris,  New  York,  in  1898, 
he  used  the  formula  * 

as  originally  proposed  for  this  dam  by  Augustus  S.  Kibbe,  Jun.  Am. 
See.  C.  E.,  in  his  report  on  Genesee  River  Storage,  to  John  Bogart, 
M.  Am.  Soc.  0.  E.,  formerly  State  Engineer  and  Surveyor. 

In  1896,  after  the  Genesee  Biver  gaugings  had  been  in  progress  at 

•  *'  Experiments  on  the  Flow  of  Water,  made  during  the  Construction  of  Works  for 
Conveyine  the  Water  of  Sudbury  River  to  Boston.''  By  A.  Fteley  and  F.  P.  Steams, 
TranaactiOTU,  Am.  Soc.  C.  E.,  Vol.  xli,  p.  t. 

t  See  Appendix  F  to  Annual  Report,  State  Engineer  and  Surveyor,  for  1890,  p.  466. 
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the  dam  of  the  Mount  Morris  Hydraulic  Power  Company  for  three 
years,  a  sharp-crested  weir  was  erected  on  the  Genesee  River  about  2i 
miles  above,  where  rock  bottom  clear  across  the  river  aflforded  an 
opportunity  for  such  construction  without  heavy  expense.* 

TABLE  No.  1. 


£r=headon 

h  =  head  on 

Computed  discharge 
over  weir,  In  cubic 

Computed  diacharge 
over  dam,  in  cubic 

Percentacre  dif- 
ferences    in 
discharges. 

weir,  in  feet. 

feet  per  second,  for 

feet  per  second,  for 

(1) 

(») 

(3) 

(*) 

O) 

0.60 

0.60 

185 

186 

—87.0 

0.70 

0.88 

810 

880 

+  6.0 

0.80 

o.go 

460 

445 

—  1.0 

i.ce 

1.00 

640 

606 

-7.0 

1.88 

1.55 

1326 

1260 

-6.0 

2.01 

1.75 

14fi0 

1606 

- 

-10.0 

3.4S 

8.00 

1966 

2100      . 

- 

-7.0 

8.65 

2.60 

2260 

8280 

--44.0 

8.20 

2.75 

2900 

8860 

-29.0 

8.78 

3.00 

8840 

4654 

-19.0 

4.87 

8.25 

4770 

6280 

-11.0 

4.66t 

8.85t 

6240 

6690 

^7.0 

t  Approximate;  taken  from  curve. 

In  order  to  correlate  the  measurements  at  the  Hydraulic  Power 
Company's  dam  with  those  at  the  weir,  observations  were  taken  at  each 
place  as  nearly  cotemporaneously  as  they  could  be  made  by  a  man 
going  immediately  from  one  to  the  other.  Table  No.  1  gives  some  of 
the  heads  actually  observed  at  the  weir  and  dam,  together  with  the 
discharge  over  the  weir  in  comparison  with  the  computed  discharge 
over  the  dam,  and  the  percentage  differences. 

The  crest  of  the  Mount  Morris  Dam  was  quite  irregular,  and,  in 
order  to  apply  weir  formulas,  an  accurate  profile  was  taken  and  the 
crest  sub-divided  into  a  number  of  approximately  level  sections  with 
each  section  computed  separately,  advancing  by  0.1ft.  up  to  10  ft. 
The  flow  over  the  entire  dam  was  obtained  by  adding  together  the  sums 
of  the  several  sections  at  the  corresponding  heights,  and  tabulating 
them.     The  zero  of  the  gauge  was  at  the  level  of  the  lowest  section. 

The  computed  discharges,  as  shown  by  Columns  (3)  and  (4),  are 
somewhat  irregular.  This  result  is  due  to  the  disturbing  effect  of  the 
irregular  sections  of  the  crest,  the  highest  point  of  which  was  2  ft. 
above  the  lowest. 

*  For  detailed  description  of  this  weir  see  Appendix  VII  to  Annual  Report,  State 
' '"  r,  foi    '^^         —  "^ 


Engineer  and  Surveyor,  for  1896,  pp.  715-19. 
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Column  (5)  shows  the  percentage  variations  between  the  discharges 
as  determined  by  a  sharp-crested  weir,  up  to  5  200  cu.  ft.  per  second, 
and  the  discharges  computed  by  the  formula  cited.  These  data  show 
at  once  an  error  in  judgment,  excusable  only  because,  previous  to  the 
publication  of  Bazin's  paper  of  1898,  nobody  knew  how  to  do  better. 

In  computing  the  Hudson  River  gaugings  in  1895,  the  writer  used 
the  formula  of  General  Mullins,  as  fairly  applicable  to  a  broad-crested 
dam  like  that  at  Mechanicsville,  where  Hudson  Biver  gaug^gs  have 
been  kept  continuously  from  October,  1887.* 

In  August,  1898,  the  writer  began  an  extensive  special  investiga- 
tion as  to  water  supply  for  summit-level  canals  in  the  State  of  New 
York,  for  the  United  States  Board  of  Engineers  on  Deep  Waterways. 
The  magnitude  of  the  commercial  interests  involved  justified  a  most 
thorough  study,  and  'the  work  was  accordingly  carried  out  on  an 
extended  scale.  A  large  collection  of  new  data  has  been  obtained, 
which,  by  permission  of  the  Board,  the  writer  has  the  pleasure  of  pre- 
senting to  the  Society  herein. 

At  the  beginning  of  the  study  it  was  deemed  advisable  to  gauge  a 
number  of  streams  tributary  to  proposed  deep  waterways  in  Central 
and  Eastern  New  York,  not  only  with  reference  to  extending  informa- 
tion as  to  the  low- water  flow  of  the  Oswego,  Mohawk,  Black  and 
Hudson  Bivers,  but  especially  to  gain  more  definite  information  as  to 
the  flood  flows  of  these  streams  and  their  tributaries,  it  being  recog- 
nized clearly  that  the  control  of  floods  in  canalized  river-beds  was  a 
serious  feature  of  the  general  problem. 

To  accomplish  this,  gauging  stations  were  established  on  Seneca 

Biver,  at  Baldwinsville;  Oswego  Biver,  at  Pulton;  Chittenango  Creek, 

at  Bridgeport;    Oneida  Creek,    at  Kenwood;    West  Branch  of  Fish 

Creek,  at  McConnellsville;  East  Branch  of  Fish  Creek,  above  Point 

Bock;    Salmon  Biver,   above  High  Falls;  Mohawk  Biver,   at  Bidge 

Mills,  Little  Falls  and  Bexford  Plats;  Nine  Mile  Creek,  below  Stitt- 

ville;  Oriskany  Creek,  at  Oriskany  and  Coleman;  Saquoit  Creek,  at 

New  York  Mills;  West  Canada  Creek,  at  Dolgeville;  Garoga  Creek,  3 

miles  above  mouth;  Cayadutta  Creek,  below  Johnstown,  and  Schoharie 

Creek,  at  Fort  Hunter.     In  addition,  gaugings  of  Hudson  Biver,  at 

Mechanicsville  and  Port  Edward,  and  of  Schroon  Biver,  at  Warrensburg, 

♦  For  this  formula  see  Mullins'  Irrigation  Manual,  pp.  11-12, 188-189, 171-178.  Also 
see  Annual  Report,  State  Engineer  and  Surveyor,  of  New  York,  for  1895,  pp.  105-106:  and 
Water  Supply  and  Irrigation  Papers  of  United  States  Geological  Survey,  «o.  »4;  water 
Resoiirces  of  the  State  of  New  York,  Part  I,  pp.  79-80. 
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at  stations  established  previously  by  the  writer,  -were  available,  as  well 
as  of  Black  River,  at  Huntingtonville,  a  suburb  of  Watertown,  at  a. 
station  established  by  the  Board  of  Water  Commissioners  of  Watertown* 

The  foregoing  gauging  stations  are  in  every  case  existing  dams^ 
either  of  masonry  or  timber.  Several  of  them,  as  at  Baldwinsville,. 
Fulton,  Little  Falls,  Middleville,  Dolgeville,  etc.,  have  extensive 
power  developments,  with  large  quantities  of  water  passing  through 
turbine  water  wheels,  for  either  the  whole  or  a  portion  of  each  day. 
Hardly  any  two  cross-sections  are  alike,  as  may  be  sufBciently  appre- 
ciated by  examining  Figs.  8  to  20,  although  some  of  them  conform 
generally  to  certain  of  Bazin's  types,  as  is  shown  by  the  illustrations. 
Finally,  many  of  them  have  gross  irregularities  in  the  crests,  longi- 
tudinally, as  shown.  The  method  of  treatment,  in  order  to  obtain 
approximately  correct  results,  becomes,  therefore,  a  matter  of  some 
difficulty.  In  a  few  cases,  as  on  Nine  Mile  Creek,  West  Canada  Creek^ 
etc.,  where  the  crests  were  very  irregular,  a  small  amount  of  work  was 
done  in  the  way  of  leveling  them.  Generally,  however,  the  crests  were 
left  nearly  in  the  same  condition  as  found,  a  profile  was  carefully  taken 
and  the  crest  divided  into  a  series  of  approximately  level  sections  for 
computation.  A  gauging  blank  was  furnished  the  gauge  readers,  with 
columns  for  entering  depth  on  crest  of  dam,  a.  m.  and  p.  m.,  number,  of 
water  wheels  used,  size  of  same,  name  of  manufacturer  and  daily  run, 
working  head  on  wheels,  readings  of  head-race  and  tail-race  gauges, 
and  other  information  necessary  for  keeping  an  accurate  account  of 
the  water  passing  over  the  crest  in  24  hours,  as  well  as  through  water 
wheels  for  the  same  period.  Gauge  readers  were  employed  to  take 
these  readings  twice  each  day. 

In  order  to  obtain  flows  through  water  wheels,  recourse  was  had  to 
records  of  the  test  flume  of  the  Holyoke  Water  Power  Company,  of 
Holyoke,  Mass.,  where  the  principal  wheels  now  in  common  use  in 
New  York  State  have,  at  one  time  or  another,  been  tested.  On  request- 
ing a  record  of  such  tests,  as  applying  to  wheels  at  the  several  gauging 
stations,  the  Holyoke  Water  Power  Company  kindly  responded  that 
they  would  furnish  the  records  under  the  condition  that  they  be  not  pub- 
lished unless  the  consent  of  parties  for  whom  the  wheels  had  been  tested 
were  first  obtained.  This  condition  being  assented  to,  information  was 
furnished  as  to  tests  of  the  principal  wheels  in  use,  giving  proportional 
part  of  opening  of  speed  gate  for  various  conditions  of  tests,  revolutions 
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of  wheel,  qnantity  of  water  discharged,  power  developed,  effioienoj,  etc. 
From  these  records,  wheel-discharge  carves  have  been  prepared  for  the 
water  wheels  in  use  at  each  dam.  By  the  use  of  sach  curves,  derived  from 
.actual  tests,  it  is  believed  that  the  dischaxges  through  turbine  water 
wheels  at  the  various  gauging  stations  have  been  computed  with  a  very 
high  degree  of  accuracy.  Under  these  conditions  turbine  water  wheels 
become  in  effect  efficient  water  meters.  In  a  few  cases,  where  there 
were  no  tests  applying,  the  discharges  as  per  manufacturers'  tables 
have  been  used.  The  writer's  thanks  are  due  to  the  Holyoke  Water 
Power  Company  for  the  courtesy  of  furnishing  these  useful  data. 

Before  describing  the  method  of  procedure  for  obtaining  flows  over 
dams  at  the  several  gauging  stations,  we  may  refer  briefly  to  some  of  the 
more  salient  points  of  Bazin's  papers  in  Anncdes  des  Fonts  et  ChaussSes. 

In  the  beginning  of  his  first  paper,  Bazin  remarks  that  the  theory 
of  the  weir  is  the  least  advanced  of  all  branches  of  hydraulics.  The 
coe^cients  used  in  practice  vary  between  such  wide  limits  that  in  most 
cases  we  are  unable  to  make  a  rational  selection  from  the  many  numer- 
ical values  assigned  to  them. 

The  problem,  he  says,  is  in  fact  a  complicated  one,  being  connected 
on  the  one  hand  with  the  theory  of  flow  through  orifices  and  on  the 
other  with  that  of  open  channels.  The  value  of  the  coefficients  in  each 
case  is  infiuenced  by  many  elements.     Thus  we  ought  to  consider: 

(1)  The  velocity  of  approach;  that  is,  the  velocity  with  which  the 
up-stream  water  reaches  the  weir,  the  etfect  of  which  cannot  be  neglected 
in  weirs  of  small  height. 

(2)  The  contraction  of  the  vertical  section  of  the  stream  at  the 
weir,  the  amount  depending  upon  the  height  of  the  weir  and  the  form 
of  the  crest. 

(3)  The  lateral  contraction  which,  though  unimportant  in  weirs  of 
great  length,  seriously  modifies  the  results  in  shorter  weirs. 

As  a  further  condition,  Bazin  points  out  that  when  the  down-stream 
channel  has  a  width  of  the  length  of  the  weir,  so  that  the  overflowing 
sheet  of  v^ater,  or  nappe,  touches  at  the  sides,  thus  preventing  free 
admission  of  air  under  the  nappe,  there  occur  special  phenomena 
greatly  affecting  the  flow.*  

^  Bazin'8  earlier  papers  are  directed  speciaUy  to  a  detailed  investigation  of  these 
several  points.  Space  wiU  not  be  taken  here  to  describe  his  experimentsln  detail.  The 
original  data  may  be  found  in  the  Annales  des  Ponis  et  Chausseea  for  the  years  already 
cited.  A  translation  of  the  earher  ntimbers  has  also  been  made  by  Messrs.  Arthur 
Marichal  and  John  C.  Trautwine.  Jr.,  and  may  be  found  in  the  Proceedings  of  the  Engi- 
neers' Club  of  Philadelphia  for  January,  1890;  July«  Iffitt;  October,  1898,  and  April,  1808. 
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Bazin's  method  of  experimentation  may  be  referred  to  briefly.  A 
standard  weir  was  set  up  at  the  head  of  a  long  chamber,  in  which  the 
actual  volume  passing  over  was  measured  a  sufficient  number  of  times 
to  give  averages,  which  Bazin  considers  are  accurate  to  within  prob-  * 
■ably  less  than  1  per  cent.  Having  established  in  this  way  the  values 
of  the  coefficients  for  a  standard  weir,  with  heads  varying  from  about 
0.164  ft.  to  1.969  ft.,  the  experiments  on  weirs  of  irregular  profiles 
were  made  by  placing  each  experimental  weir  below  the  standard  weir, 
and  observing  the  heads  synchronously  on  each.  In  these  experi- 
ments a  steady  current  was  established  in  the  channel,  and  observations 
of  the  known  volume  passing  over  the  standard  weir  were  made,  which 
volume  also  passed  over  the  weir  under  investigation,  lower  down. 

If  we  let  ^and  /*  denote,  respectively,  the  head  upon  the  standard 
weir  and  upon  the  lower  weir,  L  and  /,  their  corresponding  lengths,  and 
^and  my  the  coefficients  of  discharge,  and  then,  adopting  provisionally 
Formula  (1)  for  the  standard  weir — 


q^MLHV^gH; (1) 

and  similarly  for  the  lower  weir 

Q  =  mlhVWf^' (2) 

Equating  these  two  values  of  g,  we  have 

MLH  V~S  V^^'frilk  V^  V^y  or 
from  which  we  deduce  the  value  of  m: 


-*(^)^(^) 


As  already  stated,  Bazin's  preliminary  gauging  operations  gave, 
once  for  all,  the  coefficient  M  for  the  standard  weir  for  each  value  of 

H.     The  ratio  — ,  which  is  very  nearly  unity,  remained  constant  for 

aU  experiments  of  any  one  series,  and,  therefore,  we  have  only  to 
measure  the  heads  ^and  h  in  order  to  obtain  the  coefficient  m. 

Fteley  and  Stearns  experimented  somewhat  on  the  influence  of  the 
height  of  the  weir  upon  the  flow,  and  probably  as  interesting  a  point 
as  any  brought  out  by  Bazin's  extended  discussion  is  the  considerable 
influence  of  this  element  upon  the  flow.  After  presenting  the  detail 
of  experiments  on  sharp-crested  weirs  of  various  heights  and  for 
various  heads  between  the  limits  stated,  Bazin  gives  a  table  of  values 
of  the  coefficient  m  for  sharp-crested  weirs,  ranging  in  height  from 
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TABLE  No.  2.— VAiiUBs  op  thb  Coefficibent  m  in  the  FobhuiiA  Q  = 
mlh\/2gh,  fob  a  Shabp-Obested  Weeb  without  Latbbaij  Gontbag- 

TION,  the  AiE  BEZNG  ADMITTED  FbEELT  BeNEATH  THE  OVEBFLOWINO 

Sheet  of  Nafpe. 


•1 

K-3 

above  the  bottom  of  the  channel. 

1^' 

(1) 

(») 

(3) 

(*) 

(») 

(6) 

1     (T) 

(9) 

(») 

(10) 

(11) 

Value 

of  P,ln 

feet. 

0.666 

0.064 

1.818 

1.640 

1.068 

8.684 

8.880 

4.060 

6.660 

or 

0.164 
0.197 
0.S80 
0.268 
0.906 

0.458 
0.456 
0.466 
0.466 
0.457 

0.468 
0.460 
0.448 
0.447 
0.447 

0.461 
0.447 
0.445 
0.448 
0.448 

0.460 
0.446 
0.448 
0.441 
0.440 

0.440 
0.446 
0.448 
0.440 
0.488 

0.440 
0.444 
0.441 
0.488 
0.486 

0.440 
0.448 
0.440 
0.488 
0.486 

0.448 
0.448 
0.440 
0.487 
0.486 

0.448 
0.448 
0.480 
0.487 
0.484 

0.4481 
0.4487 
0.4801 
0.4868 
0.4840 

Means.. 
m\/2g 

0.466 
8.66 

0.440 
8.60 

0.446 
8.68 

0.444 
8.56 

0.448 
8.66 

0.448 
8.64 

0.441 
8.64 

0.441 
8.68 

0.440 
8.68 

0.4400 
8.68 

0;8S8 

0.804 
0.4S0 
0.696 
0.601 

0.450 
0.46B 
0.466 
0.471 
0.475 

0.447 
0.446 
0.460 
0.468 
0.466 

0.448 
0.448 
0.448 
0444 
0.446 

0.480 
0.488 
0.488 
0.488 
0.480 

0.487 
0.486 
0.486 
0.486 
0.486 

0.485 
0.488 
0.488 
0.481 
0.481 

0.484 
0.488 
0.480 
0.480 
0.488 

0.488 
0.480 
0.488 
0.487 
0.486 

0.488 
0.480 
0.488 
0.486 
0.486 

0.4888 
0.4801 
0.4867 
0.4246 
0.4880 

Means.. 
my/2i 

0.407 
8.74 

0.461 
8.08 

0.448 
8.56 

0.488 
8.68 

0.486 
8.60 

0.488 
8.47 

0.481 
8.46 

0.480 
8.44 

0.488 
8.44 

0.48n 
8.48 

0.666 
0.788 
0.787 
0.868 
0.919 

0.480 
0.484 
0.488 
0.400 
0.406 

0.450 
0.408 
0.466 
0.468 
0.478 

0.447 
0.440 
0.468 
0.465 
0.467 

0.440 
0.448 
0.444 
0.446 
0.448 

0.486 
0.487 
0.488 
0.440 
0.441 

0.481 
0.481 
0.488 
0.488 
0.488 

0.488 
0.488 
0.488 
0.480 
0.480 

0.485 
0.484 
0.484 
0.484 
0.484 

0.488 
0.488 
0.488 
0.488 
0.488 

0.4815 
0.4806 
0.4194 
0.4187 
0.4181 

Means.. 

0.488 
8.08 

0.466 
8.78 

0.468 
8.68 

0.444 
8.66 

0.488 
8.58 

0.488 
8.46 

0.488 
8.44 

0.484 
8.40 

0.488 
8.80 

0.4106 
8.87 

0.064 
1.060 
1.116 
1.181 
1.947 

0.600 
0.600 
0.600 
0.600 
0.600 

0.476 
0.478 
0.481 
0.488 
0.466 

0.460 
0.468 
0.404 
0.467 
0.400 

0.460 
0.468 
0.454 
0.456 
0.458 

0.448 
0.444 
0.446 
0.448 
0.440 

0.484 
0.486 
0.487 
0.488 
0.480 

0.480 
0.480 
0.481 
0.488 
0.488 

0.484 
0.484 
0.484 
0.484 
0.484 

0.481 
0.481 
0.481 
0.421 
0.481 

0.4147 
0.4166 
0.4168 
0.4166 
0.4160 

Means.. 
my/2g 

0.600 
4.01 

0.481 
8.86 

0.464 
8.78 

0.464 
8.64 

0.446 
8.58 

0.487 
8.60 

0.481 
8.46 

0.484 
8.40 

0.481 
8.86 

0.4168 
8.84 

1.S12 
1.878 
1.444 
1.600 
1.576 

0.600 
0.600 
0.600 
0.600 
0.600 

0.460 
0.401 
0.404 
0.406 
0.406 

0.478 
0.474 
0.478 
0.478 
0.460 

0.460 
0.461 
0.468 
0.466 
0.467 

0.468 
8.78 

0.451 
0.468 
0.464 
0.466 
0.457 

0.440 
0.441 
0.448 
0.448 
0.444 

0.488 
0.484 
0.485 
0.486 
0.486 

0.484 
0.486 
0.485 
0.486 
0.485 

0.481 
0.481 
0.421 
0.481 
0.481 

0.4144 
0.4180 
0.4184 
0.4128 
0.4188 

Means.. 
ms/  2g 

0.600 
4.01 

0.408 
8.06 

0.476 
8.82 

0.454 
8.64 

0.448 
8.65 

0.486 
8.48 

0.486 
8.41 

0.481 
8.88 

0.4188 
8.88 

1.640 
1.708 
1.773 
1.887 
1.008 
1.960 

0.600 
0.600 
0.600 
0.600 
0.600 
0.600 

0.406 
0.406 
0.406 
0.406 
0.406 
0.406 

0.488 
0.468 
0.485 
0.467 
0.480 
0.490 

0.468 
0.470 
0.478 
0.478 
0.475 
0.478 

0.450 
0.460 
0.461 
0.468 
0.4«4 
0.466 

0.445 
0.446 
0.447 
0.448 
0.440 
0.451 

0.487 
0.486 
0.488 
0.480 
0.440 
0.441 

0.486 
0.486 
0.486 
0.487 
0.487 
0.487 

0.481 
0.481 
0.481 
0.481 
0.421 
0.481 

0.4116 
0.4118 
0.4107 
0.4101 
0.4006 
0.4008 

Means.. 
myyUg 

0.600 
4.01 

0.406 
8.08 

0.486 
8.90 

0.478 
8.79 

0.468 
8.71 

0.448 
8.60 

0.486 
8.60 

0.487 
8.48 

0.481 
8.88 

0.4104 
8.80 
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0.656  ft.  to  6.56  ft.  (0.2  to  2.0  m.).  Column  (11)  of  Table  No.  2  gives  the 
limiting  valne  of  m,  which  equals  the  coefficient  u  of  Bazin's  formnlas, 
and  which  represents  the  valne  of  m  for  a  weir  of  infinite  height,  or 
of  such  a  height  that  the  height  of  the  weir  above  the  bottom  of  the 
channel  has  no  farther  effect  upon  the  flow.  As  will  be  seen  by 
examining  this  table,  the  influence  beyond  6.56  ft.  is  only  slight. 

The  formula  for  a  sharp-crested  weir  without  end  contractions,  as 
ordinarily  used  in. the  United  States,  is  that  of  Mr.  Francis,  namely: 

In  this  formula  C  =  m  ^2^^  of  Bazin's  formula ;  hence,  by  making 
a  simple  multiplication  we  may  express  Bazin*s  values  of  m  in  terms 
of  the  formula  in  common  use  in  the  United  States.  The  values  of 
m  ^/2gtor  different  heads  on  the  crest  and  for  heights  of  weir  varying 
from  0.656  ft.  to  6.56  ft.,  and  also  for  the  limiting  value  of  tn  may  be 
seen  as  carried  out  in  Table  No.  2. 

In  regard  to  the  accuracy  of  the  coefficients  given  by  this  table, 
Bazin  remarks  that,  except  in  the  unusual  case  of  a  very  low  weir, 
which  should  always  be  avoided,  it  will  give  the  coefficient  m  within 
l%f  provided,  however,  that  the  arrangements  of  his  standard  weir  be 
exactly  reproduced.  It  is  also  pointed  out  as  especially  important 
that  the  admission  of  air  behind  the  falling  sheet  be  perfectly  assured; 
otherwise  m  may  vary  within  much  wider  limits. 

Dbsobiftion  of  Bazin's  Experiments  on  Weibs  of  IbbeouijAb  Cbosb- 

Seotion. 

The  following  statements  have  been  condensed  from  Bazin's  paper 
in  Annales  des  Pants  et  Chausaees,  for  1898. 

We  will  now  consider  weirs  in  which  the  back  and  front  faces, 
instead  of  being  vertical,  have  a  batter  of  greater  or  less  inclination. 
The  conditions  of  discharge  will  be  found  to  be  greatly  modified. 
The  batter  on  the  up-stream  side  tends  to  diminish  the  contraction 
in  passing  over  the  crest,  and  hence  to  increase  the  discharge.  The 
infiuence  of  the  down- stream  batter,  on  the  other  hand,  is  not  always 
constant,  but  varies  according  to  the  degree  of  inclination.  If  the 
down-stream  face  is  not  far  from  vertical,  the  nappe  adheres  to  it  for 
small  discharges,  but  becomes  detached  at  a  certain  head  and  then 
follows  the  condition  described  as  wetted  underneath,  analogous  to 
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that  which  vre  have  studied  for  square  timber  weirs.  If,  on  the  con- 
trary, the  batter  is  nearly  horizontal,  the  nappe  does  not  detach  itself, 
but  remains  in  contact  with  the  face  of  the  weir  under  all  heads.  The 
discharge  may,  however,  vary  greatly  according  to  the  degree  of 
inclination  of  the  face.  On  the  other  hand,  the  influence  of  the 
width  of  crest  is  considerable,  as  we  have  seen  in  the  case  of  weirs 
formed  of  square  timbers.  Hence,  a  weir  with  a  wide  crest  and 
inclined  faces  may  present  a  large  variety  of  results,  each  type  hav- 
ing, so  to  speak,  its  own  special  scale  of  coefficients.  Such  a  study, 
to  be  complete,  must  include  a  very  considerable  number  of  particular 
cases.  Without  embracing  all  possible  cases,  the  experiments  made 
have  been  somewhat  numerous.  They  include  weirs  with  different 
degrees  of  batter  on  the  front  and  back  faces,  and  having  sharp  crests, 
on  the  one  hand,  and  on  the  other,  crests  0.10,  0.20  and  0.40  m.  in 
width  (0.328,  0.656  and  1.312  ft.,  respectively). 

Bome  additional  experiments  have  been  made  on  weirs  having  crests 
joined  to  the  inclined  faces  by  curved  surfaces,  and,  Anally,  weirs 
having  completely  curved  profiles  have  been  experimented  upon. 

We  may  divide  the  numerous  series  of  experiments  into  five  groups, 
namely: 

(1)  Weirs  so  nearly  vertical  on  the  down-stream  side  that  the  nappe 
remains  detached. 

(2)  Weirs  having  the  up-stream  face  vertical,  or  nearly  vertical,  but 
with  a  batter  on  the  down-stream  face  so  nearly  horizontal  that  the 
water  always  remains  in  contact. 

(3)  Weirs  both  faces  of  which  are  at  an  inclination  differing  from 
the  horizontal  by  less  than  45  degrees. 

(4)  Weirs  in  which  the  crest  is  joined  to  the  inclined  faces  by  curved 
surfaces. 

(5)  Weirs  having  completely  curved  profiles. 

First  Group. — Weirs  Having  the  Down-Stream  Face  Vertical  or  Nearly 

Vertical. 

This  group  includes  ten  series  of  experiments,  the  results  of  which 
differ  notably,  according  to  inclination  of  batter  and  width  of  crest. 

The  values  of  the  coefficient — l,  which  have  been  obtained  for  sharp- 

crested  weirs,  have  been  compared  with  those  corresponding  to  nappes 
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wetted  underneath  with  sharp-crested  weirs.  Similarly,  we  may 
compare  conveniently  the  values  obtained  for  weirs  with  crests  0.10 
and  0.20  m.  wide  (0.328  and  0.656  ft.,  respectively),  with  those  for  flat- 
crested  beam  weirs  of  the  same  width  in  the  table.* 

The  coefficients  have  been  made  to  follow  a  uniform  law,  by  plotting 
the  immediate  results  of  the  experiments  in  such  a  manner  that  the 

head  h  represents  the  abscissa  and  the  ratio  — ;  the  ordinate  of  a  point 

tn 

representing  one  of  the  experiments.  A  mean  curve  has  been  drawn  by 
the  aid  of  these  points,  and  from  this  curve,  drawn  on  a  large  scale, 

values  of  the  ratio  — ,  have  been  taken,  corresponding,  roundly,  to 

abscissas  of  0.10  m.,  0.15  m.,  etc.  (0.328  ft.,  0.492  ft.,  etc.).  All  the  ex- 
periments terminate  with  nappes  wetted  underneath,  but  the  discharge 
for  these,  as  well  as  for  depressed  and  adhering  nappes,  is  shown  in  the 
table,  the  nature  of  the  nappe  in  each  case  being  indicated  in  the 
proper  column.  If  we  consider,  first,  sharp-crested  weirs,  we  perceive 
that  the  appearance  of  the  wetted  nappe  is  preceded  by  the  depressed 
nappe,  imprisoning  air  between  its  under  surface  and  the  body  of  the 
weir,  excepting  in  the  case  of  a  weir  with  a  face  batter  of  3  :  2,  which 
permits  the  formation  of  an  adhering  nappe.  When  once  the  wetted 
nappe  is  established,  its  coefficient  does  not  differ  greatly  from  that  for 
a  sharp-crested  weir,  excepting  in  the  cases  where  the  batter  on  the 
back,  is  3  : 1  and  3  :  2,  when  it  is  greater.  For  weirs  with  flat  crests 
0.10  m.  (0.328  ft.)  wide,  the  adhering  form  of  nappe  appears  when  the 

up-stream  face  has  a  batter  of  3  : 1  or  3  : 2.     The  ratio  -—  is  also 

m 

modified,  however,  by  adherence  of  the  water  to  the  flat  crest.     At  the 

moment  when  this  adhesion  ceases,  the  coefficient  diminishes  suddenly 

about  10  per  cent.     This  has  taken  place  in  the  two  series,  Nos.  133  and 

134,  where  the  up-stream  face  is  vertical.     In  the  other  series,  the  head 

has  not  been  sufficiently  large  to  detach  the  nappe,  and  the  coefficient 

remains,  in  these  experiments,  greater  in  value  than  it  would  be  for  a 

beam  weir  in  which  the  nappe  has  become  detached  before  the  given 

head  is  attained. 

Only  one  series  of  experiments  has  been  made  on  weirs  with  crest 

0.20  m.  (0.656  ft.)  wide,  the  down-stream  face  being  vertical  and  that 

on  the  up-stream  side  having  a  batter  of  1  :  2.     In  accordance  with  the 

*See  p.  169,  Annales  des  Fonts  et  Chaussies,  2d  Trimestre,  1898. 
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inoreased  width  of  crest  the  wetted  nappe  does  not  appear  nntil  quite 
late,  and  with  a  coefficient  notably  diminished.  It  is  clear  that  more 
extended  experiments  would  have  led  in  all  oases  to  results  differing 
in  a  similar  manner  from  those  for  crests  0.10  m.  in  width.  Without 
going  farther  we  may  say  that,  on  a  weir  having  the  down-stream  face 
nearly  vertical,  the  wetted  form  of  nappe  always  appears  when-  a  cer- 
tain head  has  been  attained.  This  limiting  head  varies  with  the  in- 
clination of  the  front  and  back  faces,  and  is  never  the  same  as  that 
which  corresponds  to  detachment  of  the  nappe  from  the  flat  crest, 
which  also  influences  the  value  of  the  coefficient.  Each  type  of  weir 
requires  a  special  study,  and,  in  view  of  the  complexity  of  conditions 
involved,  it  is  impossible  to  establish  a  general  formula  for  the  dis- 
charge coefficient. 

Second  Group.— Face  of  the  Weir  on  the  Up-Stream  Side  Vertical 

or  Nearly  Vertical. 

Let  us  now  consider  the  case  where,  in  contradistinction  to  the  flrst 
group,  the  back  is  nearly  vertical  and  the  down-stream  face  has  con- 
siderable batter.    For  sharp-crested  weirs  with  the  up-stream  face 

vertical  the  ratio  — r  is  nearly  constant  for  each  series,  the  mean  values 
m 

being  1.13,  1.03,  0.90  and  0.84  for  batters  on  the  down-stream  face  of 
1  : 1,  1  : 2,  1  : 5  and  1  :  10,  respectively.  Where  the  up-stream  face 
has  a  batter  of  3  : 1  or  2  : 1,  it  produces  an  increase,  in  the  value  of 
the  coefficient,  of  a  few  per  cent.  Turning  to  the  experiments  on 
weirs  with  crests  0.10,  0.20  and  0.40  m.  (0.328,  0.656  and  1.312  ft., 
respectively)  in  width,  it  may  be  seen  that  the  coefficients  increase 
with  the  head,  Series  No.  143  only  showing,  for  the  flnal  values,  a 
rapid  diminution,  proving  that  the  nappe  has  become  detached.  It  is 
necessary,  in  fact,  in  order  that  the  nappe  shall  become  detached, 
that  the  head  shall  be  greater  in  proportion  as  the  width  of  the  crest 
becomes  greater  and  the  slope  of  the  down-stream  face  more  gentle. 
This  limit  has  not,  in  general,  been  reached  in  the  experiments,  and 
the  nappes  remain  attached  to  the  crests,  excepting  for  Series  No.  143 
(batter  on  the  down-stream  side  1:1),  where  the  detachment  of  the 
nappe  leads  to  a  diminution  of  the  coefficient  ratio  from  1.21  to  1.14. 
The  next  series,  No.  144,  indicates  also  a  slight  tendency  of  the  ratio 

—-}  to  decrease,  the  batter  here  being  1  : 2.  This  tendency  entirely 
m 
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disappears  where  the  slope  of  the  dowD -stream  face  is  not  greater  than 
1  :  3  or  1  :  4.  Omitting  the  results  for  the  relatively  small  heads  of 
0.10  m.   (0.328  ft.)  or  less,  where  there  are  some  irregularities,  the 

increments  of  the  coefficient  ratio  — :  for  heads  from  0.10  m.  (0.328  ft.) 

to  the  limits  of  the  experiments,  are  given  for  each  series,  in  com- 
parison with  the  results  for  a  weir  with  a  crest  0.10  m.  (0.328  ft.) 
in  width,  Series  Nos.  133  and  134,  and  with  those  for  flat-crested' 
weirs,  0.40  m.  (1.312  ft.)  and  2.00  m.  (6.56  ft.)  in  width,  Series  Nos.  113 
and  115.     Such  comparison  shows,  first,  that  for  the  same  width  of 

crest,  — :  diminishes  when  the  inclination  of  the  down-stream  face  is 

gradually  diminished  below  45^;  second,  that,  other  things  being 
equal,  that  is  to  say,  for  the  same  batters  on  the  two  faces  in  each 

case,  the  ratio  — :  diminishes  when  the  width  of  crest  is  increased. 


Third  Group. — Batter  of  the  Up-Streamand  Down-Stream  Faces  Very 
Gentle,  not  Exceeding  45  Degrees. 

Weirs  encountered  in  practice  do  not  often  have  nearly  vertical 
faces  like  those  we  have  been  considering,  but  have  slopes  inclined 
45^,  or  more,  from  the  vertical.  Such  weirs  have  been  made  the 
subject  of  a  series  of  experiments,  in  which  slopes  of  1  : 1  and  1  :  2  on 
the  up-stream  side  have  been  combined  with  slopes  of  1  : 1,  1  :  2  and 
1  :  5  on  the  down-stream  side  for  three  difTerent  widths  of  crest. 

In  most  cases  the  ratio  — -.  increases  with  the  head,  but,  in  order  to 

investigate  more  fully  the  changes  in  value  of  — ;,  it  is  necessary  to 

consider  separately  the  case  of  sharp-crested  weirs  as  distinguished 
from  those  with  wide  crests. 

Sharp-Crested  Weirs. 

Batter  1  : 1  on  Down-Stream  Side. — ^The  coefficient  ratio  — ,  decreases 

as  the  head  h  increases  from  above  1.20  for  very  slight  heads  to  1.11 
or  1.12  for  the  greatest  heads  used.  Its  value  is  sensibly  the  same  for 
the  two  batters  of  1  : 1  and  1  :  2  on  the  back.  The  rate  of  decrease 
is  not  uniform,  being  very  gradual  to  h  =  0.33  m.  (0.984   ft.),  beyond 
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which  it  changes  rapidly,  without  doubt  due  to  the  detachment  of  the 
nappe. 

BaUer  1:2  on  Down-Stream  Side. — Instead  of  decreasing  as  the  head    ' 

increases,  — ^  increases  slowly  in  value  between  the  limits  1.10  and 

1.13,  its  value  being  nearly  the  same  for  the  two  batters  of  1  : 1  and 
1  :  2  on  the  back. 

Batter  1  :  5  on  Doum-Stream  Side, — In  this  case  the  coefficient  ratio 
is  nearly  independent  of  ^,  decreasing  from  1.015  to  1.000  for  a  batter  of 
1 : 1  on  the  back,  and  from  1.045  to  1.035  for  a  batter  of  1 : 2  on  the  back. 

Weirs  Having  Crests  0.10  and  0.20  M.  (0.328  ahd  0.656  Ft.)  in  Width. 

The  coefficient  always  increases  with  the  head,  but  the  limits 
between  which  this  increase  takes  place  differ  in  each  case.  If  it  were 
possible  to  increase  the  head  indefinitely,  and  at  the  same  time  the 
height  of  the  weir,  the  conditions  of  discharge  would  approach  pro- 
gressively those  for  a  sharp-crested  weir,  the  width  of  the  crest 
becoming  more  and  more  negligible,  relative  to  the  general  dimen- 
sions of  the  dam.  The  series  of  coefficients  relating  to  crests  of  a 
given  width  cannot  be,  with  certainty,  extended  beyond  the  experi- 
mental limits  between  which  they  were  obtained.  If,  however,  the 
curves  representing  the  coefficients  were  prolonged  sufficiently,  they 
would  converge  toward  those  which  correspond  to  a  sharp-crested 
weir  with  vertical  faces.  The  batter  on  the  back  determines  the 
direction  of  the  filaments  which  constitute  the  inferior  surface  of 
the  nappe,  and  infiuences  thus  the  contraction  at  the  inner  edge  of 
the  crest,  and  hence  also  the  discharge.  The  batter  on  the  down- 
stream side,  on  the  other  hand,  affects  the  pressure  underneath  the 
nappe. 

When  width  of  crest  is  not  negligible,  the  inclination  of  the  down- 
stream face  determines  the  limiting  head  at  which  the  nappe  detaches 
itself  from  the  crest,  and  at  which  point  the  conditions  of  discharge 
change  suddenly.  This  limit  depends  also,  in  a  certain  measure,  on 
the  velocity  of  approach,  or,  which  amounts  to  the  same  thing,  on  the 
ratio  of  the  head  h  to  the  height  p  of  the  weir.  A  complete  formula 
should  include,  in  addition  to  the  slopes  of  the  two  faces,  the  two 

ratios,  —  and  — ,  where  c  is  the  width  of  the  fiat  portion  of  the  crest. 
c  p  "^ 

Such  a  formula  would  be  excessively  complicated. 
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Fourth  Group. — The  Two  Faces  United  by  a  Curved  Surface  at  the 
Crest  of  the  Weir. 

Seven  types  of  weirs  were  experimented  on,  with  a  view  to  deter- 
mining the  effect  on  the  discharge  of  joining  the  two  faces  of  the  weir 
by  a  curved  surface,  the  slopes  used  being,  on  the  up-stream  side, 
very  nearly  vertical  (5  : 1),  and  on  the  down-stream  side  from  1  :  3  to 
1  : 5.  The  up-stream  edge  of  the  crest  being  rounded  to  an  arc  of 
0.05,  0.10  or  0.20  m.  (0.164,  0.328  or  0.656  ft.)  radius. 

Types  Nob.  1  and  2  differ  only  in  regard  to  the  radius  of  curvature 
of  the  back  edge  of  the  crest,  this  being  0.05  m.  (0.164  ft.)  for  the  first, 
and  0.10  m.  (0.328  ft.)  for  the  second.  The  radius  of  0.10  m.  increases 
the  discharge  slightly  more  than  that  of  0.05  m.,  though  the  difference 

is  unimportant,  but  the  values  of  —  in  both  cases  surpass  consider- 
ably those  which  have  been  obtained  for  similar  weirs  with  the  two 
faces  united  by  flat  crests  0.10  and  0.20  m.  (0.328  and  0.656  ft.)  in 
width.     Series  Nos.  145  and  153. 

Types  Nos.  3  and  4  are  similar  to  Types  Nos.  1  and  2,  except  as 
regards  the  inclination  on  the  down-stream  side,  which  has  been 
reduced  from  1  :  3  to  1  :  5.  This  conduces  to  equalize  the  values  of 
m,  which  differ  relatively  little  from  each  other,  although  the  values 
are  sensibly  less  at  the  same  heads  than  those  for  Types  Nos.  1  and  2, 
and  yet  somewhat  greater  than  for  weirs  with  flat  crests,  0.10  and  0.20 
m.  (0.328  and  0.656  ft.)  in  width.     Series  Nos.  145,  155  and  156. 

Types  Nos.  5  and  6  differ  only  by  the  radius  of  curvature  at  the 
back,  which  is  0.10  and  0.20  m.,  respectively,  the  crest  being  wider 
than  in  the  preceding  cases.  The  value  of  tn  is  somewhat  less  than 
before,  not  differing  greatly  from  that  which  corresponds  to  Types 
Nos.  3  and  4. 

The  width  of  crest  is  increased  still  further  in  Type  No.  7,  the  length 
of  the  rectilinear  section  between  the  origins  of  the  two  curved  sur- 
faces being  0.20  m.  (0.656  ft.).  This  modification  produces  a  sensible 
diminution  in  the  value  of  m. 

Fifth  Group.— Weirs  with  Completely  Curved  Profiles. 

We  turn,  finally,  to  the  consideration  of  weirs  having  completely 
curved  profiles.  The  coefficient  m  then  attains  exceptionally  high 
values.      Types  Nos.   1  and  2,  having  vertical  down-stream  faces. 
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permit  of  the  formation  of  nappes-  wetted  underneath.  The  corre- 
sponding coefficients  are  much  higher  than  for  the  analogous  case 
with  a  sharp-crested  weir.* 

Types  Nos.  8  and  4  .have  crests  which  differ  only  in  the  radii  of 
curvature  of  the  curved  surfaces,  being  0.05  and  0.08  m.  (0.164  and 
0.2624  ft.),  respectively,  for  Type  No.  3,  and  0.10  and  0.12  m.  (0328  and 
0.3936  ft.),  respectively,  for  Type  No.  4.  The  crest,  in  this  latter  case, 
is  much  larger  and  the  coefficient  m  is,  as  a  result,  notably  less  for 
heads  up  to  0.30  m.  (0.984  ft.),  but  it  is  not  the  same  beyond  this 
point,  for  the  concave  form  of  Type  No.  3  tends  to  produce  detach- 
ment of  the  nappe,  and  the  coefficient  for  this  type  continues  to 
diminish  from  this  point,  becoming  less  than  for  Type  No.  4,  in  which  the 
coefficient  increases  for  ail  heads  within  the  limits  of  the  experiments. 

The  results  of  Bazin's  experiments  on  weirs  of  irregular  profiles, 
except  a  few  of  the  ^series  which  have  been  omitted,  will  be  found  on 
the  pages  indicated  in  the  following  list.  The  value  of  m  ^^2  ^  is  given 
in  every  case  as  derived  from  Bazin's  tabulated  value  of  m: 

Bazin's  £xf£BIments. 


Series  No. 

Page. 

Series  No. 

Page. 

Series  No. 

Page. 

113 

242 

140 

246 

163 

253 

114 

280t 

141 

247 

164 

253 

115 

282t 

142 

247 

165 

253 

116 

281t 

143 

247 

166 

264 

117 

283t 

144 

248 

167 

254 

125 

242 

145 

248 

168 

254 

126 

242 

146 

248 

170 

255 

127 

243 

147 

249 

172 

255 

128 

243 

149 

249 

173 

'   279t 

129 

243 

150 

249 

175 

255 

130 

272t 

151 

250 

176 

256 

131 

244 

153 

-  250 

177 

256 

132 

244 

154 

250 

178 

278t 

133 

244 

156 

251 

179 

256 

134 

245 

157 

251 

181 

257 

135 

273t 

158 

251 

182 

257 

136 

245 

159 

252 

188 

257 

137 

245 

160 

252 

189 

258 

138 

246 

161 

252 

193 

258 

139 

246 

162 

277t 

*  For  the  type-forms  under  this  group,  see  Basin's  paper, 
t  With  diagram  of  similar  Cornell  experiment. 
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Ko.  of 

A«deptb 

m-coef- 

C*mV8F- 

Experi- 

on crest, 

flciantof 

ooefflcient 

ment. 

In  feet. 

dlechaise. 

for 
FrancisT 
Fonnala. 

BAZIN'S 

ojns 

OJHQ 

0.8904 
0.3813 

8.64 
2.66 

SERIES  NO.  113 

0J6S 
0.AA8 

OJ807 
0.8802 

8.66 

2.65 

►   l*^ 

0.513 

0^321 

2.66 

Emh- 

0.502 

0.3848 

2.64 

n! 

0.667 

0.3878 

8.71 

O.T9ff 

0.8487 

2.75 

0.805 

0.8468 

8.78 

0.868 

0.8404 

8.80 

o.sse 

0J64Z 

2.85 

12 

0.988 

0.8583 

2.88 

IS 

1.085 

0.8628 

2.91 

U 

1.076 

0.8660 

8.94 

15 

1.1U 

0.3888 

2.95 

16 

1.150 

0.3734 

8.00 

17 

1.197 

0.3758 

3.01 

IS 

1.268 

0.3821 

8.06 

U 

1.380 

0.8877 

8.11 

BAZIN'S 

1 

0.818 
0.888 

0.4516 
0.4580 

8.02_Kappe  deprened. 
8.68 

SERIES  NO.  125 

3 

0.AS9 

0.4604 

8.60 

i 

0.402 

0.4716 

s.n 

5 

QMS 

0.4978 

4.00 

-  M 

6 

0.568 

0.6858 

7 
8 
0 

0.688 
0.601 
0.768 

0J178 
0.5194 
0.5100 

4.16 
4.00 

10 

0.818 

0.5088 

4.09 

U 

0.878 

0J047 

4.06 

12 

0.960 

0.4896 

4.00 

IS 

1.006 

0.4996 

4.01 

li 

1.077 

0.4954 

8.97 

15 

1.140 

0.4906 

8.93 

16 

1.190 

0.4919 

8.95 

17 

1.266 

0.4802 

8.98 

IS 

1.828 

0.4883 

8.91 

19 

1J05 

0.4863 

8.90 

BAZIN'S 

0.296 
0.S60 

OMU 
0.5028 

4.08 

SERIES  NO.  126 

0.418 

0.5084 

4.08 

0.467 

0.5138 

4.18 

0.520 

QJMM 

4.17 

~^  ^J^T 

0.567 

0.5832 

4Ji7— Nappe  wetted 

0.627 

0,5250 

4.21        underneath. 

>mix. 

0.681 

0.5238 

4.20 

0.740 

0.5251 

4.21 

10 

0.804 

0.5844 

4.90 

11 

0.860 

0.5834 

L» 

12 

0.980 

Qfrgyg 

4.20 

IS 

0.981 

o!6803 

4.17 

U 

1.040 

0.5228 

4.19 

15 

1.105 

0.5175 

4.15 

16 

1.164 

0.5197 

4.17 

17 

1.222 

0.5170 

4.15 

IS 

1.284 

0.6187 

4.16 

19 

1.S51 

0.5148 

4.12 
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No.  of  ^depth         macoeffl-       C^mx/ig^ 

expert-  on  crest,  dent  of        eoefllcient 

ment.  In  feet.         diaoharge.    tor  Fraacis' 

formula. 


BAZIN'S 

SERIES  NO.  127.1 


1 
2 
8 
A 
6 
• 
7 
8 
9 
10 
U 
U 
18 
U 
18 
U 
17 
18 
1» 


0.8M 

0.889 

0.1i9 

a609 

0.581 

0.806 

0.688 

0.097 

0.761 

0.881 

0.8B6 

0.961 

1.033 

1.093 

L168. 

1.888 

1.89S 

1.360 

LiS4 


0.43S6 
0.4384 
0.4419 
0.44M 
0.4606 
0.4788 
0.4083 
0.0078 
0.4989 
0.4935 
0.4896 
0.4885 
0.4818 
0.4883 
0.4780 
0.4746 
0.4789 
0.4786 
0^715 


8.47  Vappe  depreaaed 

8.61 

8.54 

3.67 

8.69 

8.80 

8.95 

4.07  Nappe  wetted 

4.00     nndemealii. 

8.96 

8.93 


8.87 

8.79* 

3.81 

8.80 

8.79 

3.78 


*8ee  Bailn'a  olwerTatlons  relotiTe  to  the  l>eliaTior  of  the  nappe 
for  Seriea  Noa.  187  and  188. 


BAZIN'S 

SERIES  NO.  128.1 


— Tfc^> 


1 

8 

8 

A 

6 

6 

7 

8 

9 

10 

11 

IS 

18 

U 

18 

16 

17 

18 

19 

80 

81 


0.896 
0.353 
0.407 
0.464 
0.680 
0.580 
a6S8 
0.698 
0.737 
0.806 
0.848 
0.8M 
a986 
0.967 
1J1S8 
1.096 
1.168 
IJOO 
1.89* 
L360 
1.480 


0.5016 
0.5104 
a5090 
OL51<r7 
0.6068 
0.6169 
0.6188 
0l6179 
0.6150 
0.6n8 
0.8183 
0.4909 
0J1966 
0.4849 
0.4884 
0.4880 
0.1766 
0.1768 
ai786 
0.4788 
0.4896 


4.0A  Bappe  arthffrrtng. 

4.09 

4.09 

AdO 

4.07 

4.14 


4.15 

4.18 

8.94  Nappe  wetted 

8.97    underneath. 

8.84 

8.87 

8.87 

8.88 
8.79 
8.80 
&77 


*8ee  Baski'a  obBerrattona  relative  to  the  b^iavior  of  the  nappe 
for  Series  Noa.  197  and  188. 


BAZIN'S 

SERIES  NO.  129. 


1 
8 
8 
4 
6 
8 
7 
8 
9 
10 
11 
18 
18 
14 
16 
16 
17 
18 
19 


0.343 
0.399 
0J166 
0.511 
0.585 
0.618 
0.666 
0.7M 
0.774 
0.830 
0.885 
0.943 
0.996 
1.047 
1J08 
1J83 
lJtl9 
1JM6 
US7 


0.4064 


0.4843 
0uM68 
0.4577 
0.47U 
0.4778 
0.4888 
0.4968 
0.4988 
0l5089 
0.6079 
0.6110 
0.6156 
0.5187 
QJSiU 
0.6836 
0J868 
0.5876 


!  8.96  NM>pe 
8.39 
8.48 
SJt7 
&67 

8.79  Nappe  wetted 
8.83  nndemmth  and 
8.88  attached  to  Hat 
8.97 
4.00 
4.04 
4.08 
AJl 
4J4 
A.16 
AJ6 
4.81 
4.83 
4.83 
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Naof 

A-depth 

m«ooefll- 

C-m>/85 

_ 

experi- 

oncreet, 

cientof 

coeffldent 

ment. 

In  feet. 

<UBcli«va 

for 
FrAncU* 

formala. 

BAZIN'S 

0.SA7 

0.8880 

aiso 

Nappe  depreMd. 

O.SSO 

0.4140 

S.31 

SERIES  NO.  131 

0.S06 

a4898 

3.46 

0.460 

0.4386 

3.47 

a604 

0.44a 

3.66 

^ 

0.6M 

0.4611 

3.70 

QlM 

0.010 

0.4768 

3.88 

aoe? 

0.4770 

SJS 

^^M«4 

OlTSO 

a48as 

3.91 

10 
U 

0.77S 
0.8S6 

0.49S7 
0.4948 

3.90 
3.97 

Vmppe  wetted  ander- 

neath  and  attached 

U 

0.880 

0.*997 

4.01 

toflatcreet. 

IS 

0.043 

0l6048 

4.06 

14 

UOfiS 

aooM 

4.08 

16 

1.040 

0.6188 

4.18 

10 

L008 

a6178 

4.16 

17 

LlOl 

a6167 

4.16 

18 

LSIS 

0.6CW 

4.80 

19 

1.S04 

0.6949 

4.81 

00 

1.383 

aostt 

4.81 

a 

1.S04 

0.5834 

4.80 

BAZIN'S 

0.337 
0.308 

0L41S8 
0.4861 

3.31 
3.41 

Kappeadlieringi 

SERIES  NO.  132 

0.468 

0.4341 

3.48 

0.600 

a4488 

3.00 

OlOOS 

0.4609 

3.70 

,o.'a 

aoio 

a4063 

3.74 

•  '1'*" 

0.005 

0L4788 

3J4 

0.710 

0.4870 

8.98 

^^^k-i 

aTTO 

0l49S1 

aL96 

10 

11 

0.8M 
0.874 

0.6089 
0.5108 

4.0s 
4.10 

IS 

0.980 

0.6180 

4.16 

IS 

0.974 

016837 

4.81 

u 

1.047 

0.6186 

4.18 

16 

1.099 

0.6174 

4.16 

10 

L166 

asm 

4.16 

tollatcreet. 

17 

1.818 

016886 

4.19 

18 

1.871 

0L5838 

4.81 

10 

L3S8 

0.5860 

4.88 

BAZIN'S 

0.340 
0.408 

0.3846 
0.4088 

3.09 

Nappe  depremed. 

SERIES  NO.  133 

0.400 

0.4187 

3.31 

Kappe  adhering. 

0.466 

0.4866 

s.a 

0.606 

0.4446 

3.67 

0.665 

0.4540 

3.04 

OJSS 

0.610 

a4088 

3.76 

0.M6 

0.4776 

3J3 

"^^ 

0.707 

0.4988 

3.95 

-1^ 

10 

0.767 

0.4979 

4.00 

fcSNkl* 

11 
18 

0.810 
0.870 

0.6079 
0.6128 

4.07 
4.11 

Kappe  wetted  under- 

IS 

0.988 

0.6161 

4.13 

neath  and  attached 

li 

0.978 

0.6208 

4.17 

tollatcreet. 

16 

1.083 

0.5884 

4.19 

10 

1.096 

0.5243 

4.21 

17 

1.806 

a48S9 

3.98 

Ni^ipe  wetted  undei^ 

18 

1.283 

a4794 

3.84 

neath  but  detached 

10 

1.276 

0L4848 

S.88 

from  flat  creeL 

00 

1.346 

a4793 

3.84 

SI 

1.416 

0.4783 

3.(13 
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No.  Of 

A -depth 

m- coeffi- 

C«m\/8j- 

experi- 

oncreet, 

cient  of 

ment 

in  feet. 

discharge. 

for 
FranciB' 
formula. 

BAZIN'S 

0.SS0 
0.406 

0.8880 
0l4090 

3J1      Nappe  adherins. 

3.28 

SERIES  No.  134 

0.4M 

0.4888 

3.39 

0.618 

0.4S78 

3.51 

5 

0.507 

0.4615 
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0.8817 

9L66 

7 

0.606 

as3;i 

8.70 

s 

0.106 

0.3408 

S.78 

9 

0386 

0J41O 

8.78 

10 

0.808 

0.8498 

8.81 

11 

0.867 

0.8674 

S.87 

U 

1.080 

oiasei 

8.88 

IS 

LOOS 

0.8666 

8.08 

14 

1.166 

OJ0O8 

S.87 

16 

LtlO 

0.8706 

aios 

16 

Ltn 

0.3801 

3L06 

17 

1JB7 

OLSSSff 

3.00 

18 

1.894 

013888 

8.U 

19 

1.466 

OJOW 

3.n 

SO 

L474 

0J089 

S.SO 

ass4 

0.847V 

8.79 

ojga 

0.8889 

S.7S 

0.883 

9J46S 

8L77 

01407 

0.3I79 

8.79 

01680 

0.8499 

S.81 

aooo 

0.88M 

8.88 

a078 

0L366O 

8.86 

0.788 

0.8000 

8.90 

0.7M 

0JI88 

8.01 

0.800 

o.sils 

8.96 

U 

0.080 

0l87U 

8.00 

18 

0.984 

04399 

3.04 

18 

LQOtf 

ojaoo 

8.10 

14 

LU6 

0.8880 

S.1S 

16 

1.179 

asess 

8.14 

10 

1.S4S 

asoss 

3.19 

17 

Lsor 

O.4086 

3.88 

18 

1.361 

0.4006 

3.86 

19 

L41S 

0.411S 

SL30 

SO 

1.467 

0.4148 

3.3S 
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rPftpen. 


ITaoC 

k-depth 

mmooem- 

C.»N^. 

•xiwri- 

oncrert, 

dontof 

ooefflcie&t 

mant 

InfMt. 

discharge 

for 
Fnncl*' 
formula 

BAZIN'S 

OJSl 
0.30i 

0.3338 
0.3484 

i:S 

SERIES  NO.  159 

0J79 
0l387 

0.8616 
013607 

8.88 

8.88 

0.467 

a3498 

8.81 

0.618 

0.8880 

8.91 

0.688 

0.3644 

tM 

"    _^*»MT 

a690 

0.3619 

8.88 

f    S>Cfate, 

a«84 

0.3671 

S.87 

JK''.-.  V,  'y.  >C '^S.'.VyY 

10 

aoTO 

0.3887 

SJ3 

11 

0.736 

0.3601 

8.88 

U 

0.797 

0.3688 

S.94 

IS 

0.861 

0.3787 

S.99 

U 

0.878 

0.3865 

8.94 

U 

0.986 

0L3864 

8.93 

19 

0.994 

0.3761 

3.01 

17 

1.068 

0.3777 

SL08 

i8 

ias6 

0.3888 

8l10 

19 

ia46 

a37«l 

3.06 

L198 

0.S8S9 

3j88 

Lt«l 

0.3878 

3.11 

LS90 

0.8986 

3.16 

1.338 

OJ006 

3wl3 

BAZIN'S 

1.388 
1.446 

0J91S 
0.3978 

3.14 
3.19 

SERIES  NO.  ISO 

1.468 

a3877 

3wl9 

0.461 

0.3B06 

8.81 

OL08S 

0l3618 

8.88 

0.683 

0.3641 

8.84 

a683 

0J889 

8.88 

0.736 

0.3698 

8.88 

S    ^^'^'^^^^^^ 

% 

0.798 

assss 

8.91 

T  ■^8^^/^^>^ 

0.883 
0.980 

0J641 
0.3701 

S.9S 

8.97 

0.998 

0J731 

8.84 

10 

1.071 

a37» 

8.08 

U 

L188 

0J784 

S.08 

IS 

1.183 

0.3818 

SL08 

18 

1.884 

0.3848 

3.08 

U 

1.388 

0.3888 

8.10 

U 

1.389 

0J819 

3wU 

U 

1.467 

0.3037 

3.16 

BAZIN'S 

1 

8 

ojgs 

0.864 

0.6373 
a8867 

AJl 

SERIES  NO.  1«l 

8 

0.413 

O.6808 

4J8 

4 

0.478 

016878 

4JB 

8 

0.6S9 

0.6880 

A.8S 

8 

0.681 

0.6897 

4.86 

7 

a839 

0.6880 

4.84 

8 

asos 

OUttli 

4.88 

.  0 
10 

0.760 
O.808 

0.6831 
•    08374 

iJ8 

^^^ 

4.31 

11 

0.884 

0.6373 

i^Sl 

/^/.'^'y^^;.J»K       i 

\SL 

0J19 

0.6386 

4.88 

13 

0.6406 

4J4 

14 

0.988 

0.6368 

4.30 

18 

L019 

a8874 

4.81 

18 

LQ68 

0.6340 

4.88 

17 

1.083 

0.6388 

4.87 

18 

1.118 

0.6888 

;L84 

19 

1.167 

0.6198 

4.17 

80 

1.187 

0.6188 

4.18 

81 

1.886 

0.6189 

4.18 

98 

1.983 

0.6108 

409 

S3 

ijeso 

0.6118 

4.11 

Si 

1.386 

0.6087 

4.08 

86 

1.369 

a6Q88 

4.08 
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BAZIN'S 
SERIES  NO.  163 


VO.€f  A«d0pth  VtsrCOeflk  CslllVSffs 

expeil*  an  crest,         dent  of  coefficient 

ment^  In  feet.        dlacharga      farFrandt* 

focmolft. 


S.8L 
&» 
S.M 
S.8S 
3.88 
3.82 
8.86 

3.91 

10  0.708  0.4M8  4.01 
11 

18  assr  0.6017  A.08 

15  0.88S  0.5000  4.08 
M  0.M9  0.6038               •  4.0i 

16  0.998  0J008  A.06 
10  1.066  OjmO  4.06 

17  Llli  0l6O68  4.06 

18  1.171  0.6071  4.07 

19  1.881  0.6076  4.07 
M  1.886  0^189  4.18 
81  1.338  OMn  4.17 


BAZIN'S  * 

<;ERIES  no   164.                          •  ••*''  0.4881  3,87 

5  a488  0.4888  3.87 

•  0.680  0.4886  8l87 

7  0.698  0.4913  3.94 

8  .0.061  0.4916  3.94 

9  0.708  0.4948  3.97 

10  0.786  0.4990  4.00 

11  0.817  0.5081  4.03 
18  a877  a5046  4.06 
13  0.038  0.6070  4.07 
J4  a998  Ol6111  i.10 
16 
10  L116  0.6130  4.18 

17  1.188  0.6161  4.18 

18  1.219  a617«  4.16 

19  1.877  0.6806  4.18 
80  1.380  0.6817  4.19 


RA7IN'Q  1  <^S>7  0.4485  8.66 

D/U.in  O  2  0.401  a4447  3.66 


SERIES  NO.  165 


3  0.464  0.4443  S.6B 

4  0.688  0.4433  3.56 

6  0.503  0.4413  3.64 
0 

7  0.780  0.4488  3.64 
"■' V^^'TT^'^UL                  •  <>-'83  0.4483  3.56 

,«^«C  '     -^                 0  0.848  0.4461  3.58 

-: /y/,y;,yy/y///A                10  a904  0.4606  3.61 

11  0.909  0J688  3.63 

18  1.089  0.4631  3.63 

13 

14  1.163  0.4563  3.65 

16  1.817  0.4668  3.66 

16  lje79  0.4684  3.08 

17  1.341  0.4583  3.68 

18  1.401  0.4601  &69 

19  1.448  0.4648  3.73 


0.184 

0.<74« 

0.844 

0.A781 

0.808 

0L4788 

0.300 

0.4778 

0.488 

0.4779 

0.480 

0.4789 

0.686 

0.4810 

0.608 

0.4917 

0.668 

014880 

0.708 

0.4998 

0.760 

a4900 

a8S7 

0.6017 

0.888 

0.5000 

0.949 

0.5038 

0.998 

0J008 

1.060 

ojmo 

1.114 

0L5O58 

1.171 

0.6071 

1.881 

0.6076 

1.886 

0.6189 

1.338 

0U»99 

0.844 

0.4811 

0.806 

0.4861 

0.367 

0.4881 

0.486 

0.4807 

a482 

0.4888 

0.680 

0.4886 

0.698 

0.4913 

.0.661 

0.4916 

0.708 

0.4948 

0.786 

0.4990 

0.817 

0.5081 

a877 

a504e 

0.038 

0.6070 

a998 

Ol6111 

1.068 

0.6088 

L116 

0.6136 

1.188 

0.6161 

1.219 

a617« 

1.877 

0.6806 

1.380 

0.6817 

0.887 

0.4485 

0.401 

a4447 

0.464 

0.4443 

0.688 

0.4433 

0.503 

0.4413 

a65« 

0.4488 

0.780 

0.4488 

0.783 

0.4483 

0.848 

0.4461 

a904 

0.4606 

0.909 

0J688 

1.089 

0.4631 

1.090 

0.4538 

1.163 

0.4563 

1.817 

0.4568 

lje79 

0.4684 

1.341 

0.4583 

1.401 

0.4601 

1.448 

0.4648 
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[Fapm. 


No.  of  Jk-de|Ah        m-ocmOI-      C«-wVi7- 

experl-         on  crest,  dent  of         ooefflcJent 

in  r<t0tb        cttKharsa  for 

Fmnds* 
tormnla 


BAZIN'S 

0.880 
Ol808 

0.4888 
01848 

8w88 
086 

SERIES  NO.  166 

0.498 

0.4688 

S^ 

0818 

0.4688 

8.84 

0i878 

0.4579 

S.87 

0.888 

04879 

8L87 

~^ ^7-i!!I 

€1008 

0.4888 

088 

Ij^^^-^^ 

01781 

O4808 

O80 

10 

0.8U 
OJ80 

048» 
04888 

8171 

3.74 

11 

0.047 

04877 

8.78 

12 

1.008 

04881 

078 

18 

L088 

04800 

on 

14 

L187 

0.4714 

8.78 

U 

1.187 

0.47SS 

079 

19 

1.847 

047S1 

3J0 

17 

1.308 

0.4718 

081 

18 

1.871 

0.47M 

8.81 

BAZIN'S 

1 

8 

OSU 
0J98 

O4087 
04856 

028 

041 

SERIES  NO.  167 

8 

4 

0463 
0.609 

0.4887 
0.4641 

O60 
064 

6 

0686 

04677 

3.87 

0 

0618 

04679 

075 

7 

0.671. 

04768 

J» 

, 

8 

079& 

04823 

•     ^/f       * 

0 

0781 

04917 

3.94 

M^ 

10 

08S8 

04975 

099 

11 

OSU 

O6046, 

4.06 

12 

O930 
0987 

06127 
06176 

4.11 
4.16 

U 

14 

L044 

0.6213 

4.19 

16 

1.084 

0.6293 

4.96 

16 

L142 

0J»319 

4.27 

17 

LIOS 

06349 

4.29 

18 

1.846 

0J»96 

4.83 

19 

L304 

0&4S1 

4.88 

90 

1.864 

064S7 

4J8 

BAZIU'S 

1 
9 

0.331 
0.898 

0.4137 
04286 

038 
344 

SERIES  NO.  166 

3 

0444 

04438 

066 

4 

O603 

O4606 

061 

6 

O600 

04698 

068 

6 

0619 

0.4648 

073 

yf 

7 

0.069 

0.4733 

089 

8 

0738 

O4740 

O80 

9 

0788 

O4801 

085 

10 
11 

0839 
0898 

04877 
04916 

091 
094 

12 

0954 

04949 

097 

18 

L008 

04999 

4.01 

14 

L058 

O6068 

4.00 

16 

1.117 

O6080 

4.06 

10 

1.168 

0.6122 

4.11 

17 

1.990 

06189 

4.18 

18 

1.275 

O6180 

4.16 

19 

.      1.338 

&5905 

4.18 

89 

1.386 

05252 

4.22 
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BAZIN'S 

SERIES  NO.  170 


No.  of 

A-depCh. 

mwcoefll- 

CmmyTffm 

experi- 

onoreet^ 

dent  of 

ment. 

In  feet. 

dlacbuvo. 

forlVuiote' 
formula. 

0.»1 

€14184 

8.86 

0.411 

O.4S00 

8.46 

CMS 

0.4864 

&60 

0J{89 

0.4488 

8.60 

0.586 

0.4488 

160 

0.648 

0.4676 

8.87 

0.701 

0.4688 

8.78 

0.768 

0.4660 

8.76 

0.811 

0.4768 

8.81 

10 

0.871 

0.4796 

8.86 

n 

0.986 

a48S^ 

8.87 

U 

0.081 

0.4896 

8.98 

IS 

L008 

0.4088 

8.96 

U 

1.060 

a4948 

8.97 

16 

1.116 

0.4087 

4.00 

le 

1J74 

a6087 

4.08 

BAZIN'S 

SERIES  NO.  175 


1 
8 
8 
4 
6 
6 
7 
8 
9 
10 
11 
18 
18 
14 
16 
16 
17 
18 
19 


1 
9 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


0.366 

0.3878 

0.419 

0.4096 

0.488 

0.4080 

0.639 

0.4148 

0.608 

0.4176 

0.661 

0.4888 

0.788 

0.4865 

0.779 

0.4838 

0.888 

0.4368 

0.906 

0.4414 

0.968 

a44S6 

1.096 

0i4460 

1.086 

0.4488 

1.158 

0.4499 

1.S04 

0.4568 

1.867 

0.4686 

1.386 

0.4607 

1.377 

0.4670 

1.449 

0.4646 

0.860 

0.8960 

0.481 

0.4061 

0.487 

a4064: 

0.648 

0.4119 

0.608 

0.4880 

0.6S7 

0.4281 

a796 

0.4837 

0.788 

0.4390 

0.837 

0.4488 

0.894 

0.4554 

0.949 

0.4607 

1.007 

0.4649 

1.061 

0.4710 

1.188 

0.4747 

1.174 

0.4790 

1.230 

0.4811 

1.287 

0.4846 

1.847 

a4869 

1.887 

0.4908 

8.11 
SJ» 
8.94 
8.38 
8.86 
8.89 
8.41 
8.48 
8.50 
8.64 
8.66 
8.68 
8.69 
3.61 
8UI6 
8.69 
8.70 
8.76 
8.78 


8.17 
3.26 
3.26 
3.30 
8.88 
8.43 
8.48 
8.58 
S.69 
3.66. 
8.70 
8.78 
8.78 
3.81 
3.84 
8.86 
3.89 
3.91 
8.94 


Digitized 


byGoogk 


266 


BA.FTISB  ON   FLOW   OF  WATBB  OVBB   DAMS.  [PftpeBL 


BAZIN'S 

SERIES  NO.  176 


BAZIN'S 

SERIES  NO.  177 


-i^ 

-f^^ 


BAZINS 

SERIES  NO.  17» 


No.  Of 

fc-depth 

m^ooefllr 

C'm\ti 

experi- 

on  crest, 

dent  of 

maat 

Anlett, 

dlsduuvoi 

for 
Francis 
loimuki 

0.SS7 

QJSiM 

8.78 

0.898 

0.8ttS 

8.74 

asss 

0.3686 

8.9t 

aiao 

0.9684 

2.96 

o.m 

0.9795 

8.04 

asos 

0.3867 

S.10 

0.818 

a3977 

8.19 

0.888 

0.40a 

8.8t 

0.7S8 

0.4104 

3.80 

0.797 

0.4175 

3.36 

0L881 

a4851 

3.41 

0.910 

0.4896 

S.4ft 

a97i 

a4876 

3.51 

1.087 

0.4400 

8.58 

1.068 

0.4449 

8.57 

1.1S0 

0.4518 

3.68 

1.196 

0.4547 

3.66 

18 

L8ft8 

0.4586 

3.68 

19 

1.908 

0.4658 

8.7> 

to    ■ 

LSM 

a4676 

3.76 

SI 

L480 

a4787 

S.8» 

1 

0.867 

0l8863 

3.10 

8 

0.4SS 

0.3878 

3.18 

S 

0.i97 

0.9908 

3.80 

A 

0.656 

0.4060 

8.86 

5 

0.617 

0.4187 

3.31 

6 

0.680 

0.4180 

3.36 

7 

aTao 

0.4848 

8.40 

S 

0.794 

0.4309 

8.46 

9 

0.860 

0.4389 

3.58 

10 

0.906 

0.4488 

3.50 

11 

0.965 

0.4568 

3.66 

18 

1.019 

0.4681 

3.T1 

IS 

i.on 

a4658 

3.74 

li 

1.189 

0.4716 

8.79 

16 

L184 

0.4753 

3.81 

1« 

1.843 

0.4779 

3.83 

IT 

1.896 

a4840 

3.88 

18 

1.346 

0.4887 

8.91 

10 

1.386 

0.4994 

8.95 

J 

0.864 

0.3990 

3.15 

8 

0.4S1 

0.9097 

3J0 

8 

a490 

0.4054 

zja 

i 

a658 

0.4091 

388 

5 

0.6U 

0.4180 

3.35 

6 

0.674 

0.4844 

3.40 

9 

0.738 

0.4877 

3.43 

8 

0.790 

0.4831 

3.47 

9 

0.851 

0.4309 

3.53 

10 

01908 

0.4480 

3.50 

11 

0.968 

0.4536 

3.64 

18 

1.083 

0.4588 

3.68 

W 

1.078 

0.46U 

8.72 

14 

L134 

a4656 

8.74 

JA 

1.190 

0.4708 

3.7? 

18 

1.8A7 

0.4740 

8.80 

17 

1.898 

0J796 

3.85 

18 

LS57 

0L484O 

8.88 

10 

1.408 

0.4884 

3.92 
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No.  Of 

»s  depth 

m=ooefll- 

Cmm\fnm 

expert. 

on  crest, 

clent  of 

coelBcieal 

meaL 

In  feet. 

disehuvv- 

forrrancU' 
formula. 

BAZIN'S 

0J19 

ojno 

0.8789 
0.8868 

8.04 
8.09 

SERIES  NO.  181 

0.S60 

0.8808 

SJO 

0.ISS 

018900 

8.18 

o.iao 

0.8898 

sjeo 

0.0S4 

0.S97O 

8.18 

1         ^'^c_ 

o.8n 

0.4090 

8.29 

0077 

0.409S 

SJB8 

1.#^ff 

10 

•.'748 
0.797 

a4106 
0.4158 

SJt9 

8J8 

u 

0.801 

.      0.4210 

8.98 

IS 

O.QtO 

0.4207 

8.41 

IS 

0.98S 

0.4311 

3.40 

14 

1.044 

0.4345 

9.49 

15 

1.111 

0.4994 

9JM 

10 

I.IM 

0.4418 

8.54 

17 

l.£tt 

0.4447 

9.57 

18 

1.S78 

0.4484 

8.59 

19 

1.340 

a4518 

9.02 

M 

1.405 

0146S4 

S.09 

SI 

1.46S 

0.4678 

.    9.67 

BAZIN'S 

ojno 

0.40S 

0.9927 
0.40U 

8.15 
9.28 

SERIES  NO.  1B2 

OOHW 

0.4150 

9199 

0.041 

0.4909 

9.40 

l4.ofl&    „••„ 

0^701 

0.4448 

8.56 

— -W 

0.807 

0.4584 

9.08 

^^^"^""^^ 

0.989 

0.4054 

8.79 

1.091 

0.4749 

181 

i-'X.^^S>>:--Xs^^^ 

1.210 

0.4821 
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GeNERAIi  BesUME  of  BaZIN'S  EXFEBIMEMTS. 

ThiB  chapter  has  also  been  translated  from  Bazin's  final  paper  in 
Annaies  des  Fonts  et  Chaussies  for  1898.* 

ClassiflccUion  of  the  Different  Species  of  Nappes, — When  water  is 
discharged  through  a  submerged  orifice,  it  is  well  known  that  the 
discharge  Q  varies  according  to  the  nature  of  the  orifice.  The  coeffi- 
cient m,  in  the  formula  Q  ^mc  -^  ^g  h,  must  be  determined  for  each 
particular  case.  This  coefficient  yariea,  however,  only  within  rela- 
tively narrow  limits. 

The  conditions  in  the  case  of  a  weir  are  much  more  complex.  The 
influence  of  the  shape  (width  of  crest,  degree  of  inclination  of  the 
up-stream  and  down-stream  faces  of  the  weir,  etc. )  always  enters,  but 
other  factors  conspire  to  make  the  value  of  the  coefficient  m,  in  the 


formula  Q  =  mlh  V  ^9  K  vary  within  much  wider  limits  than  for 
discharge  through  an  orifice. 

The  sloping  nappe  of  a  weir  difi'ers  from  the  vein  issuing  from  an 
orifice  in  that  it  may  assume  a  variety  of  perfectly  distinct  forms. 
These  forms  constitute,  in  reality,  as  many  distinct  cases,  each  of  which 
it  is  necessary  to  study  separately,  since,  by  confusing  them  one  must 
necessarily  expose  himself  to  serious  errors.  It  is  proper,  at  the  start 
to  classify  these  different  forms  and  to  make  known  their  distinctive 
characteristics. 

Free  Nappes. — The  most  simple  and  definite  case  is  that  of  a  sharp - 
crested  weir  without  lateral  contractions,  in  which  the  nappe  falls 

*Baziii*s  formulas  have  been  changed,  so  as  to  make  En^^lish  measures  appllcal 
ble,  by  the  introduction  of  a  conversion  factor  when  necessary.  The  mathematica 
symbols  are  as  follows: 

h  =  head  on  crest  of  weir,  in  feet; 

u  =  mean  velocity  in  channel  above  the  weir,  in  feet; 

a  =  a  constant  (replaces  a  used  by  Bazin); 

f  =  a  constant; 

g  =  acceleration  of  gravity,  =  82.2; 

I  =  length  of  crest  of  weir,  in  feet; 

n  =  a  constant  (replaces  u  used  by  Bazin); 

p  =  height  of  crest  of  weir  above  bottom  of  channel,  in  feet; 
m  =  coefficient  of  discharge  over  a  given  weir; 

m'  =  corresponding  coefficient  for  a  standard  weir; 

Q  =  discharge,  in  cubic  feet  per  second; 

hg  =  difference  of  elevation  of  crest  of  weir  and  of  water  on  the  down-stream  side,  in 
feet; 

c  =  width  of  crest  of  a  flat-crested  weir,  in  feet; 

R  =  radius  of  curvature  of  a  weir  rounded  at  the  back,  in  feet; 

z  =  h  -hg,in feet. 
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freely  in  the  air,  its  lower  surface  always  subject  to  the  pressure  of 
the  atmosphere.  The  lateral  contraction  may  be  suppressed  by 
making  the  length  of  the  weir  equal  to  the  width  of  the  canal  leading 
to  it,  which  is  supposed  to  have  vertical  walls.  Immediately  below  the 
crest,  these  walls  should  be  co9structed  in  such  a  manner  as  to 
permit  free  access  of  air  beneath  the  nappe,  which  then  represents  a 
portion  of  a  nappe  of  indefinite  length.  The  resulting  phenomena  of 
flow  are  perfectly  constant;  the  nappe,  independent  of  any  influence 
of  the  water  below  the  weir,  permits  of  a  precise  determination  of  the 
coefficient  m. 

Depressed  Nappes  and  Nappes  Wetted  Underneath, — When  the  walls 
of  the  canal  in  which  the  weir  is  placed  are  not  constructed  in  such  a 
manner  as  to  maintain  free  access  of  air  beneath  the  nappe,  the 
phenomena  of  discharge  become  more  complicated,  and  the  form  of  the 
nappe,  remarkably  constant  in  the  case  where  it  falls  freely  over  the 
weir,  undergoes  considerable  modification,  according  to  the  amount  of 
discharge. 

When  the  head  does  not  exceed  a  certain  limit,  the  nappe  remains 
detached  from  the  face  of  the  weir,  imprisoning  underneath  it  a  volume 
of  air  at  a  pressure  inferior  to  that  of  the  external  atmosphere.  At 
the  same  time  the  water  in  the  space  between  the  foot  of  the  nappe 
and  that  of  the  weir  rises  to  a  level  above  that  of  the  stream  below  the 
weir.  We  have,  then,  a  species  of  free  nappe,  modified  and  depressed 
by  the  excess  of  external  pressure.  •  The  discharge  over  such  a  sharp- 
crested  weir  is,  for  equal  heads,  slightly  greater  than  over  a  true  free 
nappe.  The  difliorenoe  increases  as  the  volume  of  the  imprisoned 
air  diminishes. 

Depressed  nappes  are  not  very  stable;  the  accidental  entrance  of 
air  from  time  to  time  produces  variations  in  both  the  interior  pressure 
and  the  discharge.  When  the  air  has  entirely  disappeared,  the  nappe 
takes  a  more  definite  form,  which  may  be  designated  as  wetted  under- 
neath. The  overflowing  nappe  encloses  a  small  portion  of  turbulent 
water,  which  does  not  partake  of  the  translatory  movement  of  the  vein, 
properly  speaking. 

The  occurrence  of  a  nappe  wetted  underneath  may  be  independent 
of  the  level  of  the  water  on  the  down -stream  side  of  the  weir;  or,  on 
the  contrary,  it  may  be  influenced  by  this  level,  every  modification  of 
which  then  reacts  on  the  discharge  over  the  weir. 
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The  former  is  the  case  when  the  overfall  is  followed  by  a  rapid 
which  terminates  in  an  abrupt  ressanlt,  below  which  the  flow  takes 
place  in  accordance  with  the  condition  of  the  channel.  The  position 
of  the  ressanlt  is  without  influence  on  the  discharge,  provided  it  does 
not  enclose  the  foot  of  the  nappe. 

In  the  second  case,  that  is  to  say,  when  the  foot  of  the  nappe  is 
more  or  less  enclosed  in  the  water  in  the  channel  below  the  weir,  it  is 
not  easy  to  separate  the  influence  of  the  water  in  the  channel,  for  the 
discharge  may  be  modified,  although  this  water  does  not  rise  to  the 
level  of  the  crest  of  the  weir. 

Undulating  Nappes. — When  the  level  of  the  water  in  the  channel 
below  the  weir  is  raised  to  the  height  of  the  weir  crest,  the  wetted 
nappe  retains  its  form  as  long  as  the  difference  in  level,  or  fall  of  the 
water  from  the  up-stream  to  the  down-stream  side  of  the  weir,  does 
not  descend  below  a  certain  limit.  Its  characteristic  profile  persists, 
although  in  part  concealed  by  its  immersion  in  the  channel  on  the 
down-stream  side,  but,  where  the  fall  or  difference  in  level  is  progres- 
sively diminished,  a  moment  comes  when  the  nappe  returns  suddenly 
to  the  surface,  undulating  in  the  meanwhile.  This  change,  although 
very  apparent,  does  not  exert  any  important  influence  on  the  value  of 
the  coefficient  of  discharge. 

Adhering  Nappes. — The  forms  of  nappes  thus  far  considered  are 
those  most  ordinarily  encountered.  Another  form  exists,  which  ap- 
pears under  certain  conditions,  in  which  the  nappe,  instead  of  enfold- 
ing a  small  mass  of  turbulent  water  having  no  translatory  movement, 
as  in  the  case  of  the  nappe  wetted  underneath,  is,  on  the  contrary,  in 
close  contact  with  the  face  of  the  weir.  It  presents  then,  in  certain 
oases,  some  interesting  particulars,  and  to  this  remarkable  form  there 
often  corresponds  a  considerable  increase  of  the  coefficient  of  dis- 
charge.' 

The  ensemble  of  the  phenomena  of  discharge  is  very  complex,  and 
one  cannot  often  determine  the  discharge  of  a  weir  with  precision 
without  previously  knowing  under  which  particular  form  of  nappe  the 
discharge  took  place.  Taking,  for  example,  a  sharp-crested  weir  0.75 
m.  (2.46  ft.)  high,  we  have  shown  that  for  the  same  head  of  0.20  m. 
(0.656  ft.)  the  nappe  may  assume  four  very  distinct  forms,  to  which 
correspond  the  following  different  values  of  the  coefficient  m  in  the 
formula  Q  =  mlh  V^gh.: 
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m.        m^/^g, 

(1)  Free  nappe,  nnder  surface  always  subjected 

to  atmospheric  pressure 0.438        3.47 

(2)  Depressed  nappe,  imprisoning  a  certain  yol- 

nme  of  air  at  a  pressure  below  that  of  the 

atmosphere 0.460        3.69 

(3)  Nappe  wetted  underneath,  no  air  imprisoned, 

level  of  water  on  down-stream  side  0.125  m. 

(0.42  ft.)  below  crest  of  weir 0.497        8.99 

(4)  Adhering  nappe,  the  ressault  being  at  a  dis- 

tance from  the  foot  of  the  nappe,  which  is 

completely  exposed 0.554        4.45 

Sharp-Crested  Weirs. 

Free  Nappes.— VDieiiL  the  nappe,  in  flowing  over  a  sharp-crested 
weir,  has  its  lower  surface  in  free  communication  with  the  atmosphere, 
the  only  element  which  modifies  the  coefficient  m  is  the  mean  velocity 
u  in  the  channel  leading  to  the  weir.     In  order  to  take  this  into  con- 

sideration  in  the  formula,  h  is  replaced  by  ^  -|-  a  ^r~.     The  formula 

becomes  then,  representing  by  n  the  modified  coefficient  m, 

or,  approximately,  considering  that  ^—7  Ib  a  fraction  rarely  exceeding 
a  few  centimeters, 


Q^nlHV^gn{l+ia^^ 


^gh. 

This  expression  is  not  in  a  form  convenient  for  use,  since  the 
velocity  u  depends  on  the  discharge  to  be  determined.  If  p  be  used 
to  designate  the  height  of  the  weir  above  the  bottom  of  the  channel, 
the  wetted  section  of  the  canal  is  /  (h  -|-i>),  and  we  have 

or,  simply  replacing  Q  by  its  value  mlh  V^gK  we  have, 
u*    __     .  /"     h     \  • 


(1) 
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Letting,  for  short  ^-g-  am^j  ==  K,  the  above  expression  takes  the 
more  practical  form 

^=Bwi['+^(^y]'^^^^ (2) 

We  have  determined  the  coefficients  a,  K  and  n  by  comparative 
experiments  on  five  weirs  of  different  heights,  a  and  K  are  not  per- 
fectly constant,  but  one  may  take,  as  a  mean,  a  =  -^ ;  JBT  =  0.55.    As 

to  fly  its  value,  which  corresponds  to  the  limiting  case  of  no  velocity  of 
approach,  cannot  be  measured  directly,  since  it  is  impossible  to  com- 
pletely suppress  this  velocity,  its  influence,  however,  becomes 
insignificent  in  a  high  weir.  The  coefficient  n  decreases  slowly  as  the 
head  increases,  as  shown  below: 

Head,  in  feet       =  0.164,  0.828,  0.656,  0.984, 1.312,  1.640. 

^^e^iS^  \  =  ^'^'  ^-^2,  0.421,  0.417,  0.414,  0.412. 

When  h  is  over  0.828  ft.  its  value  is  represented  with  sufficient  pre- 
cision by  the  formula, 

n  =  0.405-h  (9:i25?)8.28/ (3) 

Adopting  for  JE'the  value  0.55,  Fdrmula  (2)  becomes 

m^n[l+0.S6(^y] (4) 

In  most  oases,  where  the  liead  falls  between  0.10  m.  (0.328  ft.)  and 
0.80  m.  (0.9^  ft.),  n  may  be  taken  at  the  constant  value  0.425,  and  taking 

K=s-^  simply,  the  expression  for  m  becomes 


=.  0.426  + 0.212  (j-^)* 


1 


(5) 


which  will  answer  for  all  practical  cases  where  errors  of  2  to  S%  are 
permissible.  It  is  this  coefficient  of  discharge  m,  perfectly  determined 
by  the  head  h  and  the  height />  of  the  weir,  which  has  been  used  for  com- 
parison. Instead  of  considering  on  the  other  weirs  the  absolute  values  of 
the  coefficient  m,  we  have  compared  them  with  the  coefficient  m'  for  a  free 
nappe,  for  the  same  head  on  a  sharp- crested  weir  of  the  same  height. 
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This  Bubstitntion  of  the  ratio  — ,  for  the  abeolnte  values  of  m  elimixi- 

m 

ates,  in  a  large  measure,  at  least,  the  influence  of  velocity  of  approach 
and  facilitates  greatly  the  discussion  of  results. 

In  what  precedes,  the  up-stream  face  of  the  weir  has  been  sup- 
posed to  be  a  vertical  plane.  If  it  is  inclined,  the  values  of  the 
coefficient  m  will  be  modified.  The  coefficient  is  diminished  when  the 
plane  of  the  dam  is  inclined  up  stream,  but,  if,  on  the  contrary,  the 
plane  of  the  dam  is  inclined  down  stream,  the  coefficient  increases  to 
a  maximum  which  corresponds  nearly  to  an  inclination  of  30°  (equals 
a  batter  of  1} :  1  on  the  back).  The  ratio  between  the  coefficients  corre- 
sponding to  two  different  inclinations  is  sensibly  constant  for  all 
heads,  so  that  one  may  obtain  the  coefficient  m  for  a  sharp-crested 
weir  at  any  inclination  by  multiplying  by  a  constant,  or  modulus,  the 
corresponding  coefficient  for  a  vertical  weir,  as  is  indicated  in  Table 
No.  8. 

This  ratio  increases  regularly  from  an  inclination  of  45^  toward 
the  up-stream  side,  to  approximately  80^  toward  the  down-stream 
side  where  the  maximum  occurs,  from  which  point  the  discharge 
does  not  take  place  in  the  normal  manner,  since  the  liquid  vein  in 
its  passage  over  the  crest,  instead  of  being  freely  contracted,  is  guided 
by  the  incline  ot  the  weir  on  which  it  rests  in  immediate  contact. 

TABLE  No.  3. 


Modulus  by  which 
to  multiply  the 

yerUcal  weir. 

0  08 

Up-Btream  IncUnA- 
tlon  of  the  weir.  ' 

8     "     '» 8    *•    ....;..:;;;;;;.!;;.';.:;!; 

0.04 

1      "     "  8    "    

0.06 

1.00 

1  horiiontal  to  8  vertical 

1.04 

Down-€tream     in- 

9          **         "8       »*       

1.07 

oUnatlon  of  the 

1          "         "1       "       

1.10 

weir. 

8          It          n  -^       kk 

1.12 

4           "          "1        "        

1.09 

Sharp-Orested  Weirs.  Nappes  Depressed  and  Wetted  Underneath. — 
When  the  air  is  not  admitted  freely  underneath  the  nappe,  the 
phenomena  become  more  complicated.  The  nappe  may  be  either 
depressed,  as  a  result  of  air  being  imprisoned  underneath  at  less 
than  atmospheric  pressure,  or  it  may  be  wetted  underneath  without 


Digitized 


byGoogk 


Papers.]  BAFTEB  ON  PLOW   OF  WATER  OYEB  DAMS.  265 

containing  any  air.  The  discharge  for  a  depressed  nappe  is  slightly 
in  excess  of  that  for  a  free  nappe.  The  difference  may  rise  to  nearly 
10%  at  the  moment  when  the  nappe,  the  confined  air  being  nearly 
exhausted,  is  at  the  point  of  ^suming  the  form  of  a  nappe  wetted 
nndemeath.  The  accidental  entrance  of  air  from  time  to  time  may 
vary  the  discharge  a  little.  The  wetted  nappes  are  more  uniform.  It 
is  important  to  distinguish  two  cases  according  as  the  ressault,  which 
is  produced  below  the  nappe,  is  at  a  distance  from  its  foot,  or  partly 
encloses  it. 

First  Case.  Ressault  at  a  Distance.  — The  coefficient  m  may  be  deduced 
from  the  coefficient  m'  for  a  free  nappe  by  the  relation 

m  =  m'  (^0.878  +  O^^S—) (6) 

The  ratio  ^  t^an  only  have  certain  values,  as  experience  has  shown 

that  it  does  not  exceed  2.5,  because  the  form  of  nappe  wetted  under- 
neath does  not  continue  if  the  head  is  less  than  0.4  p.  For  the  maxi- 
mum   value  ~-  =  2.5,  we  have,  very  nearly,  ?/i  =  1.20  m';  and  when 

h  =:p,  m  becomes  sensibly  equal  to  m\  Finally,  m  is  a  little  greater 
than  m*  when  h  surpasses  p. 

If  the  above  formula  be  applied  to  weirs  of  different  heights,  it  may  be 

shown  that  for  the  same  value  of  ^  the  absolute  values  of   m  do  not 

n 

differ  greatly  from  those  given  by  the  equation 

m  =  0.470  +  0.0075  ^ (7) 

which  permits  us  to  find  an  absolute  value  of  the  coefficient  m  without 

using  the  ratio  — ;. 
m 

Second  Case.  The  Ressault  Enclosing  Pari  of  the  Nappe. — It  is  neces- 
sary to  take  into  account  the  level  of  the  water  below  the  weir,  and,  if 
we  designate  by  hi  the  difference  of  level  of  the  crest  of  the  weir  and 
of  the  water  below,  the  value  of  m  becomes 

m=  mT  1.06  +  0.16    (j^  —  0.05  ) yl (8) 

In  this  formula,  h^  is  to  be  taken  as  minus  when  the  level  of  the  water 
on  the  down-stream  side  is  below  crest,  and  as  plus  when  it  is  above 
the  crest.     The  formula  can  only  be  applied  within  certain  limits  of 
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hi.  If  the  difference  in  level  of  water  above  and  below  the  weir  be 
increased,  a  moment  comes  when  the  ressault  is  driven  back  from  the 
foot  of  the  nappe  until  it  ceases  to  enclose  it  and  changes  then  to  the 
preceding  case.     This  pushing  back  of  the  ressault  takes  place  when 

the  total  fall,  {h  +  hi)  is  approximately  equal  to  -^  p.     That  is  to  say» 

for  a  given  head  k  the  greatest  admissible  value  of  ^{  is  ( -7-  /* — pj* 

On  the  other  hand,  when  the  head  h  is  insufScient  to  throw  back  the 
ressault,  it  is  necessary  that  the  level  below  the  weir  be  sufScient  to 
sustain  the  foot  of  the  nappe  and  to  prevent  the  introduction  of  air, 
which  would  cause  the'nappe  to  return  to  the  depressed  form.  The 
preceding  formula  may  be  simplified  by  suppressing  the  small  term, 
0.55,  in  the  parentheses,  and,  for  compensation,  slightly  diminishing 
the  two  other  coefficients.     It  then  becomes 

m=w'  (^1.05+0.15^) (9) 

Sharp- Crested  Weirs.  Adhering  Nappes. — The  nappe  may  also  take, 
thotkgh  very  rarely,  a  particular  form,  the  production  of  which  depends 
on  the  width  of  the  dam  and  the  form  of  the  upper  part  supporting 
the  sharp  crest.  The  nappe  becomes  completely  attached  to  the  down- 
stream face  of  the  dam  without  the  interposition  of  air.  The  coefficient 
of  discharge  then  becomes  very  large  and  may  rise  as  high  as  1.30  m\ 
which  corresponds  to  an  absolute  value  of  the  coefficient  m  :=  0.55  or 
0.56.  Adhering  nappes  present  curious  particulars,  but  as  they  only 
occur  exceptionally  in  practice,  we  may  simply  refer  to  the  special 
studies  made  of  them,  included  in  Annrdes  des  PoJits  et  Chaussees  for 
1891. 

Beam  Weirs.  Free  Nappes.  — Beam  weirs  are  constructed  of  square 
timbers  of  the  same  cross-sectional  dimensions,  placed  one  upon 
another  to  the  desired  height.  The  back  and  front  faces  of  the  weir 
are  vertical  planes,  but  the  crest,  instead  of  being  reduced  to  a  sharp 
edge,  presents  a  horizontal  surface,  the  width  of  which  equals  the 
thickness  of  the  timbers.  This  circumstance  completely  modifies  the 
conditions  of  discharge,  and,  while  this  form  of  weir  is  readily  con- 
structed, it  may,  unfortunately,  give  considerable  error  in  the 
gaugings. 

The  free  nappes  appear  under  two  distinct  forms,  according  as  the 
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nappe  is  in  contact  with  the  horizontal  crest,  or  becomes  detached  at 
the  back  edge  in  snch  a  manner  as  to  flow  over  the  crest  without 
touching  the  down-stream  edge.  In  the  second  case  the  influence  of 
the  flat  crest  evidently  disappears  and  the  discharge  is  like  that  over 
a  sharp-crested  weir.  The  nappe  assumes  this  form  when  the  head 
exceeds  twice  the  width  of  c  6f  the  crest,  measured  in  the  direction  of 

discharge,  but  it  may  occur  whenever  the  head  exceeds  -jr-  c.   Between 

these  limits  the  nappe  is  in  a  state  of  instability;  it  tends  to  detach 
itself  from  the  crest  and  may  do  so  under  the  influence  of  any  external 
disturbance,  as,  for  example,  the  entrance  of  air  or  the  passage  of  a 
floating  body  over  the  weir. 
When  the  nappe  adheres  to  the  crest,  the  coefficient  m  depends 

chiefly  on  the  ratio  —  and  may  be  represented  by  the  formula, 

m  =  m'  (0.70  +  0.186  — ) .(10) 

m  varies,  as  a  consequence,  very  rapidly.     We  have. 

When— =0.60  —.=0.79 

c  m' 

**  =1.00  *«    =0.88 

"  =  1.50  *•    =  0.98  )  or  1.0  if  the  nappe  is 

**  =  2.00  "    =  1.07  )      detached. 

7i  m 

When  —  exceeds  2.00,  — ,  =  1.00.      It  will  be  seen  that  between  h  = 

3  771 

n-  and  /i  =  2  c,  — ,  may  vary  from  0.98  to  1.07,  or  nearly  a  tenth  in 

value,  or,  it  may  remain  constantly  equal  to  unity,  according  as  the 

nappe  is  attached  to  or  free  from  the  crest. 

Very  Wide  Creste.— When  the  width  of  the  crest  is  considerable,  1 

or  2  m. ,  for  example,  the  foregoing  formula  is  still  applicable,  giving 

?i 
results  within  a  few  per  cent.     The  value  of  —  then  reduces  to  a  few 

m 
tenths  and  the  ratio  — ,  also  becomes  much  smaller,  so  that  m  may  not 

exceed  0.35.     For  example,  at  a  head  of  0.45  m.  (1.476  ft.)  on  a  weir 

m  • 

with  a  flat  crest  2  m.  wide,  —  =  0.755,  which  corresponds  to  an 

m 
absolute  value  of  m  =  0.337.    The  formula  gives  — ,  =  0.732  and  as  a 

result,  m  =  0.326. 
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Effect  of  Rounding  the  Crest  ai  the  Back.— A  slight  rounding  of  the 
back  edge  of  the  crest  very  sensibly  modifies  the  discharge.  Fteley 
and  Stearns  have  shown  that  rounding  the  back  edge  of  the  crest  to  a 
radius  R  augments  the  discharge  by  an  amount  equal  to  that  given  by 
a  head  increased  by  0.7  R.     This  is  equivalent  to  increasing  the  coeflS- 

cient  7n  in  the  ratio  of  h^  to  (^  +  0.7  R)^  or  nearly  in  the  ratio  of  1  to  1 

R 
4-  — .     The  radius  R  in  their  experiments  did  not  exceed  0.039  ft., 

and  it  is  clear  that  this  approximate  mode  of  correction  will  not  apply 
to  cases  where  the  radius  is  notably  greater.  We  have  experimented 
on  two  weirs,  respectively  0.80  m.  (2.624  ft.)  and  2.00  m.  (6,56  ft.)  in 
width,  with  crests  rounded  at  the  back  to  a  radius  of  0.10  m.  (0.328 
ft.),  and  this  modification  has  had  the  effect  of  increasing  the  discharge 
14j?o'  on  the  first  of  these  weirs  and  12%  on  the  second.  A  simple 
rounding  of  1  or  2  cm.  radius,  such  as  results  from  wear  on  timbers 
of  ordinary  dimensions,  is  by  no  means  negligible  from  the  point  of 
view  of  the  resulting  discharge. 

A  weir  with  a  crest  2  m.  wide,  and  rounded  at  the  back,  gave,  for 
the  greatest  head  used  in  the  exj)eriment8,  m  =  0.373,  a  value  differ- 
ing little  from  that  indicated  by  theory  for  the  case  of  a  nappe  flowing 
in  filaments  parallel  to  the  horizontal  surface  of  the  crest.  This 
hypothesis  may  not,  however,  be  realized  experimentally  in  more  than 
a  very  imperfect  manner,  as  the  surface  of  the  nappe  undulates 
continually. 

Beam  Weirs.  Nappes  Depressed  and  Wetted  Underneath. — The 
depressed  nappes  do  not  differ  greatly  from  the  free.  The  coefficient 
is  at  first  less  than  for  a  free  nappe,  but  approaches  it  progressively 
in  value  and  finally  exceeds  it  slightly.  It  differs  in  this  respect  from 
a  sharp-crested  weir,  for  which  the  coefficient  for  a  depressed  nappe  is 
always  superior  to  that  for  a  free  nappe.  It  makes  no  difference,  as 
to  this,  whether  the  nappe  clings  to  the  flat  crest  or  is  detached  from 
it.  In  either  case  the  coefficient  differs  little  from  that  for  a  sharp- 
crested  weir.  The  effect  of  adherence  to  the  flat  crest  appears  again 
for  a  nappe  wetted  underneath,  with  this  added  difficulty,  that  the 
moment  of  detachment  underneath  the  water  is  not  apparent,  and 

does  not  correspond  to  any  constant  value  of  — .  In  other  words,  it 
may  take  place  either  preceding  or  following  the  formation  of  the 
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nappe  wetted  underneath.  It  is  necessary,  in  this  regard,  to  distin- 
guish two  cases  according  as  the  height  j?  of  the  dam  is  greater  or  less 
than  about  five  times  the  width  c  of  the  crest.  When^  is  greater  than 
5  Cf  the  nappe  detaches  itself  from  the  flat  crest  before  it  becomes 
wetted  underneath,  and  in  the  intermediate  state  does  not  differ 
greatly  from  that  for  a  sharp-crested  weir.  When,  on  the  other  hand, 
p  is  le^s  than  5  c,  the  nappa  does  not  detach  itself  from  the  flat  crest 
before  becoming  wetted  underneath,  but  is  very  unstable  at  the 
moment  of  this  transformation. 

So  long  as  the  nappe  adheres  to  the  crest,  this  influence  predom- 
inates, and  Formula  (10)  is  most  nearly  applicable  to  the  nappe  wetted 
underneath.  On  the  other  hand,  when  the  nappe  is  detached  from 
the  flat  crest,  the  conditions  of  discharge  approach  more  nearly  those 
for  a  sharp  crest,  to  which  Formula  (6)  may  be  applied.  The  two 
formulas  give  the  same  value  when  the  head  exceeds  a  certain  limit 

k,=  ^(l  +  yj?l) ia) 

For  heads  less  than  h..  Formula  (10)  gives  values  of  m  slightly  too 
small,  never  differing  from  those  of  the  experiments,  however,  by 
more  than  3  or  4  per  cent.  When  the  head  exceeds  A^,  one  must  take 
recourse  to  the  other  formula,  although  it,  likewise,  gives  values 
which  are  too  small.  The  difference,  rather  more  important  in  this 
case,  attains  S%  as  a  maximum,  after  which  it  diminishes  rapidly 
for  increased  heads.  This  maximum  corresponds  to  the  moment 
when  the  nappe  is  at  the  point  of  detaching  itself  from  the  flat 
crest.  After  it  has  become  detached,  the  influence  of  width  of  crest 
disappears  and  Formula  (6)  applies  with  a  very  close  degree  of 
approximation. 

It  will  be  seen  that  the  flat  crest  has  the  effect  of  doubling  each 
species  of  nappe,  in  that  two  formulas  must  be  applied  according  as 
the  nappe  clings  to  or  is  detached  from  the  flat  surface. 

Weirs  with  Wide  Crests,  and  Batter  on  the  Faces. — The  phenomena  of 
discharge  become  much  more  complex  for  weirs,  such  as  are  often 
found  in  practice,  with  batters  of  greater  or  less  inclination  on  the 
front  and  back  faces.  The  influence  of  the  flat  crest,  which  exerts 
itself  in  a  weir  built  up  of  square  timbers,  is  joined  to  that  of  the 
slope  of  the  faces.     The  inclination  of  the  up-stream  face,  by  reduc- 
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ing  the  contraction,  has  the  effect  of  increasing  the  discharge.  While  ^ 
that  of  the  down-stream  face  has,  ordinarily,  the  same  effect  as 
increasing  the  width  of  the  flat  crest,  that  is  to  say,  it  diminishes  the 
discharge.  The  coefficient  m,  then,  in  each  particular  case,  depends 
not  only  on  the  head,  but  on  the  width  of  the  crest  and  the  degree  of 
inclination  of  the  faces.  It  is,  therefore,  exceedingly  variable,  and 
each  type  demands  a  special  study. 

Bounding  the  back  edge  of  the  crest  reduces  the  contraction 
considerably  and  may  increase  the  value  of  m  10  or  15  per  cent. 
Considering,  finally,  the  class  of  weirs  with  completely  curved 
profiles,  such  as  are  occasionally  encountered  in  hydraulic  practice, 
the  value  of  m  may  attain  a  relatively  high  figure.  The  coefficients  for 
such  cases  have  not  been  arranged  in  comparative  tables,  but  enough 
particular  cases  are  given  to  serve  as  a  guide  in  practice.  It  is  clearly 
impossible  to  establish  a  general  formula  which  will  take  account  of 
all  the  elements  that  enter  to  affect  the  discharge. 

Drowned  Weirs. — We  have  given,  in  discussing  the  experiments  on 
sharp- crested  weirs  drowned  by  the  water  on  the  down-stream  side, 
two  formulas;  one  of  which  applies  to  cases  where  the  weir  is  not  deeply 
drowned.     The  other,  which  is  more  general  in  its  application,  is 

m  =  in}  (\m  +  0.18  -^)  ^Z (11) 

The  two  formulas  mentioned  have  been  so  established  as  to  repre- 
sent in  the  best  possible  manner  the  experiments  from  which  they 
have  been  deduced.  In  cases  where  a  less  precise  approximation  will 
suffice.  Formula  (11)  may  be  made  applicable,  by  altering  slightly  its 
coefficients,  as  follows: 


=— ['^-^(-f-)]"/?. 


(12) 


This  new  expression  is  practically  equivalent  to  the  two  others 
and  gives  the  same  values  within  1  or  2%',  except  when  the  ratios 

—  and  — —  are  very  small.     The  difference  may  then  be  as  much  as 

4  or  h%y  but  in  this  case  the  determination  of  the  coefficient  m  is 
always  very  uncertain. 

The  effect  of  drowning  is  not  the  same  for  a  wide-crested  weir. 
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Baising  the  plane  of  the  water  below  the  weir,  which  in  the  case  of  a 
fiharp-crested  weir  affected  the  flow  on  the  up-stream  side  before  the 
water  below  had  reached  the  height  of  the  crest,  does  not  commence 
to  take  effect  on  a  wide-crested  weir  until  after  the  level  of  the  water 
on  the  down-stream  side  is  considerably  above  the  crest;  and  the 
greater  the  width  of  the*crest,  the  less  is  its  ultimate  effect.  In  our 
experiments  on  a  crest  2  m.  in  width  we  have  shown  that  the  water  on 

the  down-stream  side  must  rise  to  a  height  above  the  crest  equal  to  ^- 

o 

of  the  head  h  before  it  affects  the  level  on  the  up-stream  side. 

When  the  plane  surface,  which  forms  the  crest  of  a  weir,  is  very 
wide,  it  constitutes  a  sort  of  channel,  and,  in  a  measure,  as  the  length 
of  this  channel  is  increased,  the  conditions  of  discharge  depart  from 
those  which  pertain  to  a  weir,  properly  speaking,  and  approach  those 
for  a  channel  with  a  horizontal  bottom. 

The  Cornell  Univebsitt  Expebimentb. 

At  the  beginning  of  the  study  of  Bazin's  work  it  was  the  writer's 
opinion  that  his  coefficients  could  be  fairly  extended  to  depths  on  the 
•crest  of  about  4  ft.  without  material  error,  and  on  this  basis  a  number 
of  discharge  curves  were  worked  out  in  the  manner  to  be  described. 
On  further  study,  however,  it  seemed  probable  that  some  of  Bazin's 
Series,  especially  Nos.  130  and  135  and  a  few  others  might  be  some- 
what too  high  for  deep  flows,  for  the  reason  that  at  depths  on  the 
crest  from  0  up  to  about  0.6  to  1.0  ft.  the  nappes  were  depressed  and 
adherent,  and  above  0.6  to  1.0  ft.  were  wetted  underneath,  thus 
indicating  that  probably  the  conditions  of  the  experiments  were  such 
as  not  to  insure  the  free  admission  of  air  beneath  the  nappes,  this 
condition  leading  to  higher  flows  than  with  air  freely  admitted.  Or, 
on  the  other  hand,  as  Bazin  himself  points  out,  the  limit  of  perfect 
detachment  may  not  have  been  reached  in  his  experiments. 

Again,  Bazin's  weirs  were  constructed  with  closed  fronts,  thus 
offering  an  opportunity  for  adhering  nappes,  while  in  actual  practice, 
for  sections  corresponding  to  Series  Nos.  130  and  135,  the  water  gener- 
ally flows  over  a  lip,  the  nappe  dropping  into  a  free  air  space  below. 
This  general  condition  is  illustrated  by  the  dams  shown  on  several  of 
the  illustrative  figures  following.  The  conditions  at  the  ends  of  such 
dams  are  such  as  to  usually  permit  the  free  admission  of  air. 
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On  April  14th,  1899,  the  Tnriter  visited  the  new  Cornell  Uniyersitj 
Hydranlio  Laboratory  and  at  once  saw  that  a  fine  opportunity  was 
offered  there  to  experiment  on  flows  over  weirs  at  much  higher  heads 
than  had  hitherto  been  possible;  and  on  commnnicating  his  views  to 
the  United  States  Board  of  Engineers  on  Deep  Waterways,  he  was 
permitted  to  undertake  a  series  of  experiments  in  co-operation  with  the 
University  authorities.  Messrs.  Wallace  Greenalch,  Assoc.  M.  Am. 
Soc.  G.  E.,  Bobert  E.  Horton,  and  G^oxge  E.  Cook  were  detailed  from 
the  Deep  Waterways  engineering  corps  for  this  work,  which  was  done 
in  co-operation  with  Professor  Gardner  S.  Williams,  M.  Am.  Soc.  C. 
E.,  Engineer  in  Charge  of  the  Hydraulic  Laboratory,  permission  to 
use  the  same  having  been  obtained  by  correspondence  with  Professor 
E.  A.  Fnertes,  M.  Am.  Soc.  C.  E.,  Director  of  Cornell  University 
College  of  Civil  Engineering.  The  writer  gave  the  experiments 
general  supervision,  the  working  out  of  the  details  being  mostly  left 
to  Mr.  Greenalch  and  Professor  Williams,  Mr.  Greenalch  undertaking 
to  construct  the  necessary  flumes,  bulkheads,  experimental  weirs, 
etc.,  and  Professor  Williams  preparing  and  taking  charge  of  the 
measuring  apparatus.  The  reductions  were  made  by  Messrs.  Green- 
alch, Horton  and  Cook  under  the  direction  of  the  writer. 

Fig.  1  is  a  plan  and  section  of  the  experimental  channel  at  the  Cor- 
nell University  Hydraulic  Laboratory.  This  laboratory  has  been 
quite  fully  described  in  Engineering  News  for  March  2d,  1899,  and  no 
farther  description  will  be  given  here  than  is  necessary  to  explain  the 
experiments. 

Description  qf  the  Arrangements  for  the  Experiments, — The  canal  in 
which  the  experiments  were  made  consists,  briefly,  of  a  channel  with 
sides  and  bottom  of  concrete.  It  is  418  ft.  long,  16  ft.  wide  and  10  ft. 
deep.  The  gradient  of  the  bottom  of  the  channel  is  at  the  rate  of  1  ft. 
in  500.  A  bulkhead  composed  of  12  x  12-in.  timbers,  situated  about 
60  ft.  from  the  upper  end,  divides  the  channel  into  two  chambers.  A 
standard  sharp-edged  weir,  16  ft.  in  length,  was  placed  on  this  bulk- 
head, the  crest  of  the  weir  being  13. 18  ft.  above  the  bottom  of  the  chan- 
nel. The  upper  chamber  above  the  bulkhead  has  higher  side  walls 
than  the  lower  chamber,  which  admitted  of  a  depth  of  17.7  ft.  of  water. 
At  the  lower  end  of  the  channel  another  timber  bulkhead  closes  the 
lower  chamber,  and  on  this  the  weirs  to  be  experimented  upon 
were  built.     The  top  of  this  bulkhead  was  about  4.8  ft.  above  the 
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bottom  of  the  channel.  The  heights  vary  slightly  for  eaoh  experi- 
mental weir,  the  exact  height  of  eaoh  being  shown  on  the  sections  at 
the  head  of  the  tabulations  of  results. 

In  order  to  obtain  heads  of  about  5  ft.  on  the  lower  weir  the  16-ft. 
channel  was  narrowed  to  a  width  of  6.56  ft.  (2  m.)  by  means  of  a 
wooden  flume,  as  shown  in  Fig.  1.  This  flume  was  6.56  ft.  wide  for  a 
distance  of  48  ft.  above  the  lower  bulkhead  and  then  expanded  to  a 
width^of  16  ft.  in  a  length  of  8.3  ft.,  as  shown.  The  flume  was  con- 
structed of  matched,  white  pine  boards  1.75  ins.  thick,  planed  on  the 
inside  and  held  in  place  by  bents  of  4  by  4-in.  timbers.  As  the  lower 
bulkhead  was  water-tight  for  the  whole  width  of  the  channel,  no 
attempt  was  made  to  construct  the  sides  and  bottoms  of  the  flume 
absolutely  water-tight,  although  they  were  practically  so.  Inasmuch 
as  nearly  equal  pressure  on  both  sides  of  flume  would  permit  of 
greater  economy  in  construction,  two  boards  were  left  off  each  side  at 
the  upper  end,  thus  allowing  the  water  to  enter  at  the  sides  between 
the  flume  and  the  concrete  walls  of  the  main  canal.  This  arrange- 
ment also  diminished  greatly  the  area  of  water-tight  work.  The  sides 
of  the  flume  were  ext,ended  from  8  to  24  ft.  below  the  bulkhead, 
according  to  the  form  of  weir  experimented  upon,  thus  preventing 
lateral  expansion  of  the  nappe  after  passing  the  weir  and  crest.  Open- 
ings were  left  in  each  side  of  this  extension  below  the  level  of  the  crest 
in  order  to  certainly  allow  free  access  of  air  under  the  nappe.  The 
vertical  fall  of  the  water  from  the  crest  of  the  experimental  weir  to  the 
rock  below  was  about  12.2  ft. 

There  is  a  pond  of  22  acres  above  the  main  reservoir  dam,  the 
surface  of  which  was  raised  about  1.7  ft.  by  means  of  flash  boards 
placed  on  the  main  spillway.  The  water  surface  thus  obtained  was 
about  5.4  ft.  above  the  crest  of  the  standard  weir.  Water  from  the 
reservoir  was  admitted  into  the  upper  chamber  through  six  wooden 
sluice  gates,  operated  by  rack  and  pinion  apparatus  with  long  levers. 

The  sharp-edged  standard  weir  was  composed  of  a  8.5  by  5-in.  steel 
angle,  secured  by  lag  screws  to  a  6  by  12-in.  oak  timber,  as  shown  in 
Fig.  1.  After  bolting  the  angle-iron  into  place  on  the  timber,  the  edge 
of  the  5-in.  leg  was  planed  and  dressed  to  a  true  line  fi^  in.  in  width, 
and  carefully  leveled  in  position  on  the  upper  bulkhead.  Air  was 
admitted  freely  under  the  nappe  by  means  of  deflecting  boards  at  each 
end  of  the  weir.     The  fall  of  the  water  from  the  crest  of  the  standard 
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weir  to  the  water  surfaoe  in  the  lower  chamber  varied  from  about  8  to 
8  ft.,  aooording  to  the  quantity  of  water  flowing. 

The  velocity  of  the  water  passing  through  the  regulating  gates  at 
the  extreme  head  of  the  channel  was  checked  by  three  screens  in  the 
upper  chamber.  The  first  two  consisted  of  4  by  12-in.  timbers  placed 
horizontally  with  the  wide  face  toward  the  current,  and  spaced  from 
8  to  12  ins.  apart.  Below  these  was  a  third  screen  of  i  in.  mesh,  gal- 
vanized wire  netting.  A  screen,  composed  of  1  in.  by  8  in.  boards, 
laid  horizontally  with  the  edges  to  the  current  and  spaced  2  ins.  apart, 
was  placed  aboat  20  ft.  below  the  upper  bulkhead,  and  served  to  quiet 
the  water  in  the  lower  chamber. 

The  heads  on  the  weirs  were  measured  by  means  of  piezometers, 
constructed  as  follows :  A  1-in.  galvanized  iron  pipe,  with  holes  i  in. 
in  diameter  and  spaced  6  ins.  apart,  was  laid  across  the  channel  about  8 
ins.  above  the  bottom,  with  the  holes  therein  opening  downward.  Con- 
nections with  these  pipes  were  made  by  ]-in.  pipes  passing  through  the 
bulkhead  to  a  point  below  the  weir,  where  the  gauges  could  easily  be 
connected  by  rubber  hose.  The  gauges  were  glass  tubes,  f  in.  internal 
diameter,  mounted  on  wooden  standards,  and  read  by  a  scale  graduated 
to  2-mm.  spaces.  Three  piezometers  were  set  at  each  weir,  as  shown 
in  Fig.  1,  though  readings  were  taken  only  on  the  upper  two.  In  . 
order  to  check  the  accuracy  of  the  piezometric  readings,  at  the  con- 
clusion of  Experiment  No.  17,  a  fonrth  piezometer  pipe  was  set  in  the 
bottom  of  the  flume  above  the  lower  bulkhead,  and  about  6  ins. 
up-stream  from  the  upper  piezometer.  This  pipe  was  set  with  i-in. 
holes  directly  on  top,  and  with  the  top  of  the  pipe  flush  with  the 
bottom  of  the  flume.  Readings  were  taken  simultaneously  on  both 
piezometers,  and  considerable  differences  noted. 

At  the  lower  weir  the  height  of  the  flowing  water  in  the  flume  and 
of  the  still  water  behind  the  flume  was  read  on  scales  marked  on  the 
side  of  the  flume.  These  scales  were  divided  to  0.05  ft.  and  read  by 
interpolation  to  0.01  ft.  Similar  gauges  were  set  in  the  upper  chamber 
and  in  the  reservoir,  and  reading^  of  each  were  taken  every  five 
minutes. 

In  addition  to  the  gauge  board  in  the  upper  chamber,  a  float  gauge, 
read  by  dial  to  0. 01  ft.,  was  set  directly  over  the  upper  piezometer. 
The  float  of  this  dial  gauge  was  a  heavy,  sheet-tin,  air-tight  vessel, 
weighted  with  shot  and  caused  to  move  vertically  with  the  water  in 
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the  interior  of  a  length  of  8-in.  cast-iron  pipe,  snspended  from  two 
timbers  across  the  upper  channel.  The  dial  was  placed  in  such  a 
position  as  to  be  read  easily  by  the  assistants  operating  the  gates  at 
the  upper  end  of  the  channel,  thus  insuring  that  the  depth  over  the 
standard  weir  be  easily  maintained  at  substantially  a  constant  head, 
as  required. 

The  experimental  weirs  of  different  sections  were  all  made  of 
planed,  white  pine  boards  about  1  in.  thick,  so  fastened  together  with 
screws  as  to  be  easily  removable.  Leakage  from  the  bulkheads  and 
gates  at  the  lower  end  of  the  channel  was  effectively  stopped  by  caulk- 
ing with  oakum  and  pitch,  and  also  by  the  application  of  wheat  bran 
from  time  to  time. 

Observations  showed  that  the  upper  bulkhead  was  practically 
water-tight,  but  at  the  side  gates,  near  the  lower  bulkhead,  there  was 
a  slight  leakage,  which  has  been  taken  at  0.5  cu.  ft.  per  second  for  high 
heads  and  0.25  cu.  ft.  per  second  for  low  heads,  and  proportionally 
between.  The  main  channel,  with  side  walls  of  concrete,  is  considered 
to  be  water-tight. 

The  foregoing  allowances  for  leakage  are  taken  to  cover  the  slight 
evaporation  and  absorption  loss  into  the  sides  of  the  main  channel. 

Reduction  of  the  Experiments. — The  method  of  conducting  the  experi- 
ments was,  in  general,  as  follows:  The  main  head  gates  at  the  entrance 
to  the  canal  were  open  to  such  a  width  that  the  dial  gauge  showed  a 
head  of  3  ft.  above  the  standard  16-ft  weir.  They  were  retained  in 
this  position  until  a  uniform  regimen  of  flow  was  established  in  the 
canal  and  maintained  for  a  period  of  from  10  to  20  minutes,  during 
which  time  the  piezometers  were  read  at  both  weirs  at  intervals  of  30 
seconds.  At  the  close  of  such  a  period  the  head  gates  were  lowered  until 
the  dial  gauge  showed  a  reading  of  2.5  ft.  head  on  the  upper  weir,  suf- 
ficient time  being  allowed  to  elapse  to  establish  and  maintain  a  new 
regimen  of  flow,  the  same  as  before.  In  this  way  piezometric  observa- 
tions were  taken  during  several  periods  at  different  heads  in  each  experi- 
ment, usually  terminating  with  a  head  or  about  6  ins.  or  1  ft.  on  the 
upper  weir.  In  some  cases  the  varying  of  the  head  on  the  upper  weir 
by  uniform  decrements  of  6  ins.  was  not  adhered  to. 

The  method  of  treating  the  piezometric  readings,  obtained  as 
described  in  the  preceding  paragraph,  is  shown  in  Figs .  2  and  3.  In  Fig. 
2  the  upper  curve  shows  the  readings  taken  at  the  upper  weir  (16  ft. 
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in  length),  and  the  lower  cnrye  the  readings  taken  at  the  lower  experi- 
mental weir  for  Experiment  No.  14  on  the  Bexford  Flats  dam.  These 
two  curves,  as  plotted,  show  the  aotual  readings  taken,  in  centimeters, 
without  corrections  of  any  sort  or  kind.  The  several  periods  {A- A) 
of  the  upper  curve,  and  the  corresponding  periods  (B-B)  of  the  lower 
-curve  represent  the  aotual  periods  taken  in  the  reductions  for  each 
height  experin^ented  upon.  A  mean  of  the  aotual  readings  for  these 
periods  has  been  taken  as  the  mean  head  during  each  experimental 
period. 

Fig.  3  is  a  plotting  of  similar  curves  for  Experiment  No.  20  on  a 
sharp-crested  weir,  made  on  June  lOth,  1899.  The  explanations  for 
Fig.  2  apply  equally  to  this  figure.  Attention  may  be  directed  to  the 
method  of  exhibiting  the  continuous  curve  of  flow,  as  shown  in  Figs. 
2  and  3.  Its  use  in  the  present  case  is  to  be  credited  to  Professor 
Williams.  The  writer  has  never  seen  it  used  before,  and,  if  it  is 
original  with  Professor  Williams,  he  is  entitled  to  very  great  credit 
for  this  particular  feature  of  the  experiments. 

In  order  to  calibrate  the  upper  weir  (16  ft.  in  length),  and  thereby 
determine  the  quantity  of  water  flowing  in  the  lower  canal  and  over 
the  experimental  weirs,  Experiments  Nos.  20  and  21  were  made. 
These  experiments  apply  to  a  sharp-erested  weir  of  standard  form, 
^.26  ft.  in  height,  placed  in  the  lower  end  of  the  canal.  As  a  basis 
for  the  reduction  of  Experiments  Nos.  20  and  21  a  discharge  curve  has 
been  computed  for  the  upper  weir  for  heads  up  to  0.6  m.  (1.969  ft.), 
using  Bazin's  formula: 

if=4/  +  0.55(-^)'] 

where 

Q  =  discharge  over  weir,  in  cubic  feet  per  second ; 
I  =  length  of  crest,  in  feet; 
H  =  head  on  crest,  in  feet; 
M=  coefficient  of  discharge; 
P  =  height  of  crest  of  weir  on  up-stream  side  above  bottom  of 

channel  of  approach,  in  feet;  and 
u  =  a  coefficient  which  depends  upon  the  height  of  the  weir 

and  which  has  been  taken  from  Bazin's  table.* 
*  See  AntuUes  des  Ponta  et  Cha%i8HeSy  Mhnoirea  et  DoeumenU,  1888,  p.  448. 
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In  the  reduction  of  Experiments  Nos.  20  and  21,  the  mean  readings 
of  the  middle  piezometer  at  the  npper  weir  were  added  to  the  differ- 
ence of  elevation  of  the  gauge  zero  and  of  the  mean  crest  as  a  basis 
for  computing  the  flow  in  the  upper  channel.  The  discharge  corre- 
sponding to  the  heads  so  obtained  was  then  taken  off  the  discharge 
curve  computed  from  Bazin's  formula  for  all  the  periods  in  which  the 
observed  head  was  less  than  0.6  m.  (1.969  ft.).  The  approximate  correc- 
tion to  be  applied  for  velocity  of  approach  to  the  standard  weir  was 
then  computed  as  follows  : 

Let  H  =  the  true  head  on  crest  of  weir,  in  feet; 

h  =  the  observed  head,  in  feet ; 

Qf^^  =  discharge  over  the  weir  under  the  head  h  per  lineal  foot 
of  crest ; 

Q  =  discharge,  under  the  head  fTper  lineal  foot  of  crest ;  and 

P  =  height  of  weir  crest  above  channel  bottom,  in  feet.    Then 
velocity  of  approach  =  t?  =  V^g(S —  A), 
also, 

P+h        A  ^ * 

andff.=  (fl-;i)=|L  =  4xi (2> 

Qn^  being  determined  from  the  discharge  curve,  an  approximate 
value  of  V  and  of  the  corresponding  velocity  head  was  computed  and 
the  approximate  value  of  the  velocity  head  so  obtained  added  to  the 
observed  head  //,  which  was  used  in  determining  Qy  v  and  {H —  k) 
with  more  precision.  Gdnerally,  two  successive  applications  of  these 
formulas  were  found  sufficient  to  determine  the  velocity  head  with  the 
desired  degree  of  accuracy.  In  this  way  the  final  corrected  head  ff=i 
h  +  ffo  was  obtained.  After  applying  a  correction  for  leakage,  perco- 
lation and  surface  evaporation,  the  corresponding  discharges  by 
Bazin's  formula  have  been  used  in  determining  the  coefficients  for  the 
sharp-crested  experimental  weir  (6.53  ft.  in  length)  for  heads  up  to 
3.5  ft.,  as  produced  by  heads  not  exceeding  2  ft.  on  the  upper  weir  (16 
ft.  in  length). 

The  foregoing  correction  for  velocity  of  approach  is  merely  the 

addition  to  the  observed  heads  of  -tr— ,   as   determined  for  the  actual 
flows  of  each  experiment.     Messrs.  Fteley  and  Steams  have  experi- 


.  Digitized 


byGoogk 


Papers.]  RAFTER  ON  FLOW  OF  WATER  OVER  DAMS.  299 

mented  on  the  effect  of  velocity  of  approach,  especially  with  reference 
to  that  part  of  it  represented  by  the  vis  viva  of  the  water,  and  state  in 
their  classical  paper  *  that,  for  the  conditions  of  their  experiments, 
corrections  of  velocity  of  approach  to  be  added  to  the  observed  heads 
are  best  represented  by 


1.45  to  1.50 


x(l^) 


The  problem  of  correction  for  velocity  of  approach  is  discussed 
at  length  by  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E.,  in  his  **  Hydrau- 
lics," the  conclusion  being  that,  for  a  weir  with  full  contraction  and 
having  an  unobstructed  channel  of  considerable  length,  the  correction 
should  be  about 

l.ltol.25x(^). 

For  end  contractions  suppressed,  he  adopts  the  values 

1.33(^)  and  1.40  (^). 

In  the  present  case  it  has  seemed  preferable  to  use 

v^ 
^^  =  27' 

although  the  entire  suppression  of  end  contractions  might  appear  to 
indicate  a  higher  correction  for  the  velocity  of  approach.  This  view, 
however,  is  based  upon  other  considerations,  namely,  the  actual 
locations  of  the  piezometers. 

Messrs.  Fteley  and  Steams  have  pointed  out  that  for  standard 
sharp-crested  weirs  the  head  should  be  measured  about  6  ft.  back 
from  the  crest,  but  in  the  present  case  the  heads  have  been  measured 
much  farther  back.  At  the  upper  16-ft.  w^eir  the  heads  were  measured 
at  the  middle  piezometer  for  all  experiments,  except  Nos.  1,  2,  3  and 
4,  for  which  they  were  measured  at  the  upper  piezometer.  These 
latter  observations  have  been  reduced  to  the  basis  of  the  middle 
piezometer — which  was  10  ft.  back  from  the  weir — by  methods  to  be 
detailed  farther  on. 

At  the  lower  or  experimental  weirs  the  heads  were  measured  for  all 

experiments  at  the  upper  piezometer  38  ft.  above  the  bulkhead  on 

which  the  experimental  weirs  were  placed.     This  location  was  selected 

in  order  to  insure  the  piezometers  being  well  above  the  long  back 

TranMLctions^  Am.  goc.  C.  E.,  Vol.  zii,  p.  1. 
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slopes  of  Experiments  Nos.  2,  3,  14,  15  and  16,  or  any  other  similar 
series  which  it  might  appear  desirable  to  make. 

Messrs.  Fteley  and  Stearns  remark  that  the  only  inaocnracy  to 
come  from  measuring  the  heads  more  than  6  ft.  back  will  be  that  dae 
to  surface  slope.  We  will  now  examine 'as  to  the  possible  effect  of 
this  in  the  present  case. 

For  an  observed  head  of  2.693  ft.  on  the  standard  16-ft.  weir 

-|l  =  0.013ft (a) 

and 


(^5)=^-^^^^* ('^ 


1.33 

The  difference  of  0.004  ft.  is  far  enough  within  the  limit  of  accuracy 
to  be  negligible. 

The  corresponding  observed  head  on  the  experimental  weir,  6.56  ft. 
in  length,  is  4.677  ft.,  giving 

^  =  0. 198  ft (c) 

2  g 

also 

1.33  (-|^)  =  0.270  ft id) 

The  difference  is  0.072  ft. 

Taking  the  formula  t>  =  C  V^^  in  which  r  =  -p- and «  =  ~T    *°^ 

with  I  equal  to  (38  —  6)  =  32  ft. — the  distance  between  where  the 
piezometer  should  have  been  to  comply  with  theoretical  conditions  for 
a  standard  weir  and  where  it  was  actually  sot — and  computing  for  hg 
under  a  head  of  4.677  ft.  on  the  experimental  sharp-crested  weir,  we 
find  kg  =  0.061  ft.,  which  differs  from  the  preceding  difference  of  0.072 
ft.  by  0.011  ft.  At  slightly  lower  heads  this  difference  disappears  so 
rapidly  as  to  become  inappreciable,  so  far  as  effect  on  the  coefficients  of 
discharge  is  concerned. 

It  was  concluded,  therefore,  that  for  the  conditions  of  the  present 
case, 

^»=  27 

gave  more  nearly  the  true  correction  than  any  other  accepted 
formula. 

In  his  experiments  comparing  flows  over  standard  weirs  with  flows 
over  the  several  experimental  sections,  Bazin  hiniself  did  not  make 
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Head  on  Crest  of  Weir  in  Feet. 
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tkuj  corrections  for  velocity  of  approach.     By  working  on  the  ratio 

— ;  the  necessity  for  such  corrections  was  substantially  eliminated.   On 

this  point,  note  what  he  says  on  page  264. 

Final  coefficients  of  discharge  for  the  several  weirs  have  been 
obtained  from  the  formula 

in  which 

Q  =  total  flow  over  experimental  weir,  in  cubic  feet  per  second  ; 

L  =  length  of  crest  of  experimental  weir,  in  feet ;  and 

H  =  final  corrected  head  on  experimental  weir,  in  feet.  Q  having 
been  previously  found,  /f  was  determined  from  the  mean  of  the  read- 
ings, for  each  period  of  experiment,  of  a  piezometer  connected  to  a 
horizontal  tube  placed  flush  with  the  bottom  of  the  channel  of 
approach.  The  correction  for  velocity  of  approach  was  then  computed 
by  the  formulas  just  given,  using  appropriate  values  of  P  and  /*,  Q 
being  known  from  the  previous  work,  as  described. 

The  values  of  the  coefficients  m  and  C,  connected  by  the  relation 

C  =  m  V'^J, 
having  been  determined  for  the  actual  heads  deduced  from  the  experi- 
ments, the  values  of  C  so  obtained  were  plotted  and  a  mean  curve 
drawn  to  best  represent  the  observations.  A  new  series  of  coefficients 
advancing  by  equal  increments  of  H  have  been  read  from  the  curve  so 
obtained,  as  shown  by  the  tabulations  of  the  experiments,  Nos.  1  to 
21,  on  pages  272  to  289,  inclusive,  and  on  page  295. 

Values  of  §,  the  discharge  per  lineal  foot  of  crest,  have  been 
computed  by  the  formula 

Q  =  CW'. 

Having  obtained  the  discharge  over  the  sharp-crested  experimental 
weir  for  heads  up  to  3.5  ft.,  the  curve  of  discharge  for  the  standard 
weir  was  extended  to  the  height  of  3  ft.  by  using  the  coefficients 
obtained  as  just  described.  Fig.  4  shows  this  curve,  as  well  as  the 
correction  curve  to  be  applied  to  observed  heads  for  velocity  in  the 
channel  of  approach  to  the  standard  weir.  The  additional  experi- 
ments made  on  a  sharp-crested  weir  at  heads  above  3.5  ft.  were  then 
reduced  in  precisely  the  same  manner  as  before,  giving  finally  a  series 
of  coefficients  of  discharge  over  a  sharp-crested  weir  with  a  range  of 
heads  from  0.746  ft.  to  4.874  ft. 
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Corrections  In  Centimeters  to  be  added  to  He&de  from  Up-stream  Pleeometer. 
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The  method  used  in  reducing  the  experiments  on  weirs  having 
crests  of  irregular  profile  is  the  same  as  for  the  sharp-crested  weir, 
with  the  following  exceptions: 

In  addition  to  the  piezometric  observations,  direct  observations  of 
the  head  on  each  weir  were  taken  on  gauge  boards  situated  above 
the  standard  and  experimental  weirs,  respectively.  The  agreement 
between  the  heads  so  derived  and  those  [deduced  from  the  mean  piezo- 
metric readings  is  close  in  all  cases,  with  the  exception  of  the  observed 
heads  on  the  experimental  weir  in  Experiments  Nos.  1,  2,  3  and  4. 
Without  going  into  the  detail,  it  may  be  stated  that  for  these  four 
experiments,  which  were  the  first  made,  the  heads  directly  observed 
on  the  gauge  boards  are  apparently  the  more  reliable,  and  they  have 
accordingly  been  used  in  reducing  these  four  experiments. 

Again,  in  Experiments  Nos.  1,  2,  3  and  4,  no  observations  were 
taken  on  the  middle  piezometer  at  the  standard  weir.  In  order  to 
reduce  the  observed  heads  as  actually  taken  on  the  up-stream  piezom- 
eter at  this  weir  to  equivalent  heads  on  the  middle  piezometer,  a  cor- 
rection has  been  applied,  the  value  of  which  was  obtained  as  follows: 
Plotting  the  difference  between  the  readings  of  the  upper  and  middle 
piezometers  as  ordinates  for  all  experiments  in  which  readings  were 
taken  on  both,  and  using  the  observed  heads  on  the  up-stream  piez- 
ometer as  abscissas,  a  mean  curve  has  been  drawn,  from  which  the 
correction  to  be  applied  to  any  reading  on  the  up-stream  piezometer  can 
be  read  directly.  This  curve  is  shown  in  Fig.  5.  The  reason  for  using 
the  readings  of  the  middle,  in  preference  to  those  taken  on  the  up- 
stream piezometer  at  the  standard  weir,  is  that  the  former  agree  more 
closely,  on  the  whole,  with  the  readings  of  the  gauge  board;  also,  the 
middle  piezometer,  which  is  only  10  ft.  distant  from  the  bulkhead,  on 
which  the  standard  16-ft.  weir  was  located,  is  more  nearly  at  the 
proper  distance  from  the  weir.  Moreover,  the  up-stream  piezometer 
was  situated  so  far  back  from  the  standard  weir  as  to  be  evidently 
disturbed  somewhat  by  the  entrance  velocity  of  the  water  in  the 
leading  channel. 

With  the  exception  of  Experiments  Nos.  18,  19,  20  and  21,  the 
readings  at  the  experimental  weir  were  taken  from  a  piezometer 
placed  horizontally  across  the  channel  of  approach  at  a  height  of 
about  8  ins.  above  the  bottom.  In  order  to  reduce  the  readings  from, 
this  piezometer  to  the  equivalent  readings  from  the  piezometer  placed 
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Difference  of  Readings  of  Fiush  and  Upper  Piezometers 
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flnsh  with  the  bottom  of  the  channel,  a  correction  curve  has  been 
deduced  in  the  following  manner:  In  Experiments  Nos.  18  and  19 
obspryations  were  taken,  both  from  the  flush  piezometer  and  from  one 
situated  8  ins.  aboTC  the  bottom.  Plotting  the  differences  between 
the  readings  of  these  two  piezometers  corresponding  to  given  heads 
on  the  standard  weir  as  ordinates,  and  using  the  observed  heads  on 
the  standard  as  abscissas,  a  mean  curve  has  been  drawn,  from  which  a 
correction  to  be  applied  in  any  case  can  be  read  directly.  This  curve 
is  shown  Fig.  6. 

In  regard  to  the  use  of  this  correction  curve,  it  may  be  pointed  out 
that  the  error  resulting  from  the  use  of  a  piezometer  placed  otherwise 
than  flush  with  the  bottom  or  side  of  the  channel  is  a  function  of  the 
velocities  in  the  channel  of  approach.  Inasmuch  as  the  discharging 
capacities  of  weirs  of  different  sections  vary  greatly  under  the  same 
heads,  the  velocity  of  approach  at  any  given  head  will  depend  both 


Head  in  Feet. 


1? 

II 


Fio.  7. 

upon  the  height  P  of  the  weir  and  on  the  coefficient  of  discharge  for 
the  particular  head  and  section  of  weir  considered.  Unfortunately, 
the  data  obtained  were  insufficient  to  enable  the  effect  of  these 
elements  to  be  taken  into  consideration  separately.  Hence,  the  correc- 
tions obtained  from  the  mean  curve  of  Fig.  6  must  be  considered  as 
approximate  only.  Some  of  the  deviation  of  the  experimental  coeffi- 
cients from  the  mean  coefficient  curves  may  undoubtedly  be  attributed 
to  the  uncertainty  as  to  just  the  proper  value  of  this  correction. 

Pages  272  to  289  show  the  coefficient  curves  finally  fixed  upon  by 
the  foregoing  discussion  for  the  Cornell  University  Experiments  Nos. 
1  to  19,  inclusive,  and  also  the  tabulations  of  the  results.  The  coeffi- 
cient curve  for  Experiments  Nos.  20  and  21  on  the  standard  sharp- 
crested  weir  is  shown  in  Fig.  7.  These  curves  are  so  self-explanatory 
as  to  render  extended  description  unnecessary. 
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RAFTER  ON  FLOW  OF  WATER  OVER  DAMa 


Fio.  1.— LowKB  End  of  Channbl.    Cornkll  UmysiunTT  Htdraulio  Laboratory. 


Fio.  8.— Lower  End  of  Chammbl.    Cornkll  Unitrrsitt  Hydraulic  Laboratory. 
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In  the  tabulations  Colnmn  (1)  shows  the  heads  in  feet,  as  read  from 
the  coefficient  curves,  Colnmn  (4)  giving  the  discharge  per  lineal  foot 
of  crest  in  cnbic  feet  per  second.  Columns  (2)  and  (3)  give  the  values 
of  the  coefficients  m  and  C, 

The  photographs  on  Plate  XXII  show  the  lower  end  of  the  lower 
channel,  as  it  appeared  on  the  afternoon  of  June  3d,  1899,  while  experi- 
ments on  the  Bexford  Flats  section  were  in  progress. 

It  is  not  the  writer's  intention  to  review  extensively  the  results  of 
the  Cornell  University  Experiments  at  this  time,  any  farther  than 
to  point  out  that  they  were,  in  the  fullest  sense,  practical  experi- 
ments. 

In  Experiments  Nos,  7  and  8  an  attempt  was  made  to  gain  some 
idea  of  the  effect  of  a  rough  surface  on  dams.  In  Experiment  No.  7 
the  weir  was  of  the  usual  form,  with  the  crest  constructed  of  planed 
matched  pine,  as  already  described,  while  in  Experiment  No.  8  the 
up-stream  face  of  the  crest  was  covered  with  |-in.  mesh,  galvanized 
wire  screen.  A  comparison  of  these  two  experiments  is  very  instruc- 
tive. The  upper  limiting  head  of  No.  7  was  4.996  ft.  and  of  Experi- 
ment No.  8,  5.011  ft.  For  5  ft.  head,  as  determined  from  the  curves, 
we  have  for  Experiment  No.  7,  a  discharge  of  40.98  cu.  ft.  per  second 
per  lineal  foot  of  crest,  while  for  Experiment  No.  8,  5  ft.  head  gives 
a  discharge  of  40.74  cu.  ft.  per  second  per  lineal  foot  of  crest. 
Similar  comparisons  at  other  heads  show  the  effect  of  the  wire  screen 
to  have  been  but  slight.  The  result  of  this  experiment  was  such  as  to 
lead  to  the  conclusion  that  very  little  difference  would  be  experienced 
in  the  flow  over  a  dam  after  the  first  few  months,  during  which  time 
the  planking,  under  the  smoothing  effect  of  the  silt  in  flowing  water, 
etc.,  may  be  expected  to  come  substantially  to  the  hydraulic  condition 
of  planed  boards.  Accordingly,  as  the  time  for  completing  the  work 
was  limited,  no  further  determinations  were  made  on  this  line. 

It  is  recognized,  however,  that  but  for  the  limitation  of  time  under 
which  the  experiments  were  carried  out,  it  would  have  been  very  desir- 
able to  have  experimented  somewhat  farther  on  a  number  of  additional 
forms  of  weirs,  and  it  is  to  be  hoped,  in  view  of  the  vast  practical 
importance  of  an  accurate  knowledge  of  flow  over  dams,  that  the  Cor- 
nell University  authorities  will  carry  these  experiments  considerably 
farther,  keeping  especially  well  within  the  limits  of  actual  practice  in 
dam  construction. 
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Application  of  Data  to  Cases  in  Practicb. 

We  may  now  consider  the  application  of  the  foregoing  data  to 
some  of  the  dams  at  several  of  the  ganging  stations  previous Lj 
referred  to. 

Seneca  River  at  BalduoinsviUe. — At  Bald  wins  ville  Station  on  Seneca 
River,  there  is  a  substantial  masonry  dam,  as  shown  by  Fig.  8.  It 
was  built  in  1895,  taking  the  place  of  an  old  crib  dam  located  just 
above,  as  shown  in  the  illustration.  The  crest  is  423  ft.  long,  and  is 
very  nearly  level.  The  catchment  area  of  Seneca  River,  at  Baldwins- 
ville;  is  3  103  sq.  miles. 

For  most  of  the  year  flash  boards,  1  ft.  in  height,  are  used  on  a 
portion  of  the  crest.     The  flow  over  these  has  been  computed  by 


CROSS-SECTION  OF  DAM  ON  SENECA  RIVER  AT  BALDWINSVILLE. 
Fio.  8. 

Francis*  formula.  The  situation  is  somewhat  complicated  by  the 
presence  of  the  old  dam.  Taking  into  account  the  water  cushion 
between  the  two  crests,  it  was  considered  that  Bazin's  Series  No.  115 
would  fairly  apply,  and,  accordingly,  the  discharge  curve  was  com- 
puted on  this  basis.  The  conditions  here  are  so  unusual  that  a  special 
determination  should  be  made  as  a  check  on  the  foregoing  assumption. 
This  was  not  done,  during  the  Cornell  University  Experiments,  for  lack 
of  time. 

Ostrego  River  cU  Fulton. — The  catchment  area  above  this  dam  is 
4  916  sq.  miles.  There  are  extensive  manufacturing  establishments  at 
the  ends.  The  dam  is  a  substantial  masonry  construction  with 
a  nearly   vertical   front,    and  with  a  back  slope   of    1    to    8.      The 
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crest    is  slightly  rounded.       Bazin's  section    making   the    nearest 
approach  to  this  is  Series  No.  117,  which  was  recognized  as  being  only 
an  •  approximation.      Cornell  University  Exx)eriment  No.   3  has  fur- 
nished the  data  for  working  out  a  new  discharge  curre  applying  more 
nearly  to  the  conditions  of  this  dam  than  the  original.     It  is  believed 
that  the  revised  curve  gives  the  true  discharge  within  a  small  percent- 
age.    At  a  depth  of  2  ft. 
on    the    crest,    the    dis- 
charge,   by    the    revised 
curve,  is  9.8^^  less  than 
by  the  original  curve. 

Chitteiiango  Creek  ai 
Bridgeport  —  The  cross- 
section  of  this  dam  is 
shown  by  Fig.  9.  The 
t^atchment  area  above  the 

CROSS-SECTION  OF  DAM  ON  CHITTENANGO  CREEK 

point  of  gauging  is  307  at  Bridgeport. 

«q.  miles,  while  the  crest  Fig.  9. 

is  259.2  ft.  in  length.  At  the  ends  there  are  platforms  over  the  bulk- 
heads, and  about  2.5  ft.  above  the  main  crest.  The  flow  over  these 
platforms  when  the  water  rises  to  their  height,  was  originally  com- 
puted by  Bazin's  Series  No.  113,  while  Series  No.  130  was  applied  to 
the  main  crest,  shown  by  Fig.  9.  The  revised  discharge  curve  for  this 
dam  is  based  upon  Cornell  University  Experiments  Nos.  1  and  10. 
The  computed  discharge,  as  per 
the  revised  curve,  is — at  a  depth 
of  2  ft.  on  the  crest— 11. 9,V  less 
than  by  the  original  curve. 

Oneida    Creek    at  Kenwood. — 
The    catchment  area  above  this 

»xr;«  u.uyfy^     mxD  CROSS-SECTION  OF  DAM  ON  ONEIDA  CREEK 

dam  is  59  sq.  miles.     The  crest  is  at  kenwqod. 

level,  and   is    79.4  ft.  in  length  Yiq.iq. 

(see  Fig.  10).     The  cross-section  corresponds  closely  to  Bazin's  Series 

Nos.  130  or  135.     The  final  discharge  curve  has  been  worked  up  from 

Cornell  University  Experiment  No.  2. 

West  Branch  of  Fish  Creek  ai  McConneUsviUe. — The  catchment  area 
above  this  dam  is  187  sq.  miles.  The  crest  was  originally  quite  irregu- 
lar longitudinally,   but  was   brought  to  a  nearly  uniform  level  by 
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spiking  on  strips  of  plank,  which  extended  down  the  back  or  up-stream 
face.  The  length  is  175.7  ft.  (see  Fig.  11).  Bazin's  Series  No.  170 
conforms  in^its  general  form  closely  to  the  cross- section,  except  that 
the  projection  of  the  planking  of  the  back  face  oyer  the  front,  forms  an 
air  space  which  has  a  disturbing  effect  on  low  flows.  For  minutely 
accurate  results,  on 
such  a  profile,  special 
determinations  should 
be  made.  Cornell  Uni- 
versity Experiment  No. 
7  has  been  used  in 
preparing  the  final  dis- 
charge curve. 

East  Branch  of  Fish 
Creek  near  Point  Rock. — 
The  catchment  area  above  this  dam  is  104  sq.  miles.  The  crest  is  173.7 
ft.  in  length,  and  is  at  several  different  heights,  as  shown  in  Fig.  12. 
Bazin's  Series  No.  130  applies  closely.  The  final  discharge  curve  is 
based  upon  Cornell  University  Experiment  No.  1. 


CROSS-SECTION  OF  DAM  ON  WEST  BRANCH 
OF  FISH  CREEK  AT  McCONNELLSVILLE. 
Fio.  11. 
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CROSS-SECTION  AND  PROFILE  OF  DAM  ON  EAST  BRANCH 

OF  nSH  CREEK  NEAR  POINT  ROCK. 

Fio.  12. 

Mohawk  Rioer  at  Ridge  Mills. — The  catchment  area  is  153  sq.  miles. 
The  crest  is  122.7  ft.  long,  and  is  at  three  different  elevations.  As 
shown  by  Fig.  13,  the  experimental  and  actual  sectional  profiles  agree 
closely. 

Bazin's  Series  No.  162  is  of  such  a  form  that  the  discharge  is  nearly 
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uniform  at  all  heads.  The  syphon  action  of  the  sloping  front  face 
begins  at  low  heads  and  continues  to  act  with  indefinitely  increasing 
heads.  There  is  no  point  where  marked  changes  in  regimen  occur,  as 
with  depressed  and  adhering  nappes.  The  coefficient  of  Cornell 
University  Experiment  No.  6  agrees  closely  with  Bazin's  No.  162. 
A  discharge  curve,  based  upon  Bazin's  No.  162,  varies  at  2  ft.  depth 
on  crest,  only  1.5%  from  the  discharge  curve  by  Cornell  University 
Experiment  No.  6.  Crests  of  this  general  form  are  especially  applicable 
"wherever  accurate  records  of  flow  are  required.  For  reasons  given 
by  Bazin,  in  the  preceding  abstracted  matter,  crests  of  this  general 
form,  but  with  flat  upper  surface,  should  be  avoided.  On  this  point 
see  page  268  preceding. 


T 

1 
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C«OSS-SECTTON  OF  DAM  ON  MOHAWK  RIVER  AT  RIDGE  MILLS, 

IN  COMPARISON  WITH  BAZIN'S  SERIES  No.  162. 

Fia.  13. 

Mohatoi:  River  at  LitUe  Falls, — The  catchment  area  at  this  place  is 
1  306  sq.  miles.  The  dam  is  of  well-built  masonry,  curved  in  plan, 
with  a  crest  181.7  ft.  in  length.  There  are  two  sections,  with  cross- 
sections  corresponding  to  Cornell  University  Experiments  Nos.  16  and 
17,  except  that  the  dam  has  batters  on  the  front  face  for  the  two  sec- 
tions, 1  :  6  and  1  :  4,  respectively.  Inasmuch  as  there  was  full  admis- 
sion of  air  in  the  experiments,  this  fact  would  not  afiect  the  results, 
although  the  projection  of  the  front  face  of  the  dam,  itself,  due  to  the 
batter  may  introduce  disturbing  elements  in  the  flows,  which  would 
modify  somewhat  the  results  of  Cornell  University  Experiments  Nos. 
16  and  17.  The  vertical  front  was  used  in  the  experiments  in  order  to 
expedite  the  work. 

The  discharge  curve  worked  out  originally  for  this  dam,  was  based 
upon  Bazin's  Series  Nos.   117  and  135.     A  new  curve,  derived  from 
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Cornell  University  Experiments  Nos.  16  and  17,  gives,  for  heads  of  2 
ft.,  8.8^  less  flow  than  the  original. 

Mohawk  River  at  Rexford  Flats. — The  catchment  area  at  this  place  is 
3  385  sq.  miles.  The  dam  is  a  substantial  masonry  construction  with 
a  timber  apron,  as  shown  by  Fig.  14.  The  crest  is  675  ft.  long.  The 
filling  at  the  back  of  the  dam  makes,  in  effect,  a  long  flat  crest  on  the 


DAM  ON  MOHAWK  RIVER  AT  REXFORD  FLATS. 
FlQ.  14. 

up-stream  side.  In  the  original  discharge  curve,  Bazin's  Series  Nos. 
117  and  141,  were  taken  as  applying  best.  This  dam  was  experimented 
upon  at  Cornell  University,  the  new  discharge  curve  resulting  there- 
from agreeing  very  closely  with  the  original  curve.  The  variation  in 
the  two  curves  at  2  ft.  depth  on  the  crest  is  only  about  1  per  cent. 

Oriskany  Creek  at  Oriskany, — The  catchment  area  here  is  144  sq. 
miles.  The  crest  is  214  -1=^ 
ft.  in  length,  and  is  at 
three  different  elevations 
(see  Fig.  15).  For  the 
original  discharge  curve, 
a  mean  ol  the  coeffi- 
cients of  Baziu's  Series  Nos.  117  and  141  were  considered  to  apply 
best.  A  revised  discharge  curve,  based  upon  Cornell  University 
Experiment  No.  14,  has  been  worked  out.  At  a  depth  of  2  ft.  the  new 
curve  increases  the  discharge  1.7  per  cent. 

Oriskany  Creek  at  Coleman. — This  station  is  a  little  liiore  than  a  mile 
above  the  dam  at  Oriskany,  just  described.     The  catchment  area  is 


CROSS-SECTION  OF  DAM  ON  ORISKANY  CREEK 

AT  ORISKANY. 

FiQ.  16. 
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141  sq.  miles,  or  3  sq.  znileB  (2.2%)  less.  Fig.  16  shows  the  crosa- 
seotion  in  comparison  with  Bazin's  Series  No.  170,  as  well  as  the  irreg- 
nlarities  of  the  crest  longitudinally.  The  remarks  preyiously  made 
as  to  flow,  on  Bazin's  Series  No.  162,  apply  to  No.  170  and  other 
sections  of  similar  form.  The  disturbing  effect  of  the  departure  from 
the  theoretical  form  is  unknown  in  this  case,  the  same  as  for  the  dam 
on  Mohawk  River  at  Bidge  Mills. 

The  object  of  establishing  two  stations  on  Oriskany  Creek  was  to 
determine  whether  on  dams  of  different  forms,  but  with  nearly  the 
same  catchment  areas,  the  flows  could  be  gauged  closely  enough  to 
give  fairly  comparable  figures.     The  following  tabulation  gives  the 
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CROSSSECnON  AND  LONGITUDINAL  PROFILE  OF  DAM 

ON  ORISKANY  CREEK  AT  COLEMAN, 

fN  COMPARISON  WITH  BAZIN'S  SERIES  No.  170. 

FlO.  16. 


flows  at  Oriskany  and  Coleman,  in  cubic  feet  per  second,  for  the 
months  from  November,  1898,  to  February,  1899.  inclusive.  During 
the  frozen  months  of  this  period,  the  ice  was  kept  clear  for  several 
feet  back  from  the  crest  of  each  dam.  The  results  show  fair  agree- 
ment, and  indicate,  that,  even  when  one  of  the  cases  is  complicated, 
as  at  Coleman,  by  discharge  through  several  water  wheels,  compara- 
ble results  may  still  be  gained. 

Discharsre  at       Discharge  at 
Month.  Oriskany.  Coleman. 

November 327  806 

December 827  835 

January 295  297 

February 291  288 
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Saquoit  Creek  rd  New  York  Mills. — The  catchment  area  here  is  52  sq. 
miles.  The  crest  is  as  shown  by  Fig.  17.  Bazin's  Series  No.  175  is 
taken  as  applying  best  to  the  main  section.  For  the  flash  boards  at 
the  end  sections,  Francis'  formula  has  been  used. 

West  Canada  Creek  at  MidkBeville. — The  catchment  area  above  this 
dam  is  519  sq.  miles.  The  crest  is  330.5  ft.  in  length,  and  is  leveled 
up,  as  described  for  the  dam  at  McConnellsyille  (see  Fig.  18).  The 
original  discharge  curve  was  based  npon  Bazin's  Series  No.  170.  A 
new  cnrve  based  on  Cornell  University  Experiment  No.  15  (Rexford 
Flats  section  with  rounded  comer)  gives  23%  less  discbarge  at  2  ft. 
depth  than  the  original.  The  writer  considers  that  this  section  should 
be  specially  determined,   for  accurate  results,   and    the    foregoing 

BAZIN'S  SERIES  No.  175 
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CROSS-SECTION  AND  LONGnVDINAL  PROFILE  OF  DAM 

ON  SAQUOIT  CREEK  AT  NEW  YORK  MILLS, 

IN  COMPARISON  WITH  BAZIN'S  SERIES  No.  175. 

i-iu.  ir. 

discrepancy  is  cited  merely  to  show  how  useless  it  is,  if  accurate 
resultH  are  required,  to  apply  the  nearest  form  at  hand.  The  whole 
study  shows  that,  frequently,  what  appears  at  first  sight  to  be  rela- 
tively unimportant  produces  very  marked  changes  in  discharge. 

Cayadutta  Creek  near  Johnstown. — The  tributary  catchment  area  is 
40  sq.  miles.  The  main  section,  Fig.  19,  is  quite  diflferent  from  any  of 
the  dams  thus  far  considered.  Bazin's  Series  No.  130,  was  taken  as 
being  nearer  than  any  other,  while  Series  No.  115  was  applied  to  the 
bulkheads  at  the  ends.  Where  a  high  degree  of  accuracy  is  required 
for  gaugings  over  a  nondescript  section  of  this  sort,  special  experi- 
ments must  be  made. 
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Schoharie  Creek  at  Fori  Hunter. — The  catchment  area  above  this 
dam  is  947  sq.  miles.  As  shown  by  Fig.  20,  it  has  a  sectional  profile 
similar  to  those  of  the  daihs  on  Oriskany  and  West  Canada  Creeks. 
The  original  discharge  curve  was  based  upon  Bazin's  Series  Nos.  117 
and  141.  A  re-computation,  using  Cornell  University  Experiment  No. 
14,  gives  substantially  the  same  curve. 

The  foregoing  account  of  several  applications  of  the  new  views  as 
to  flow  over  dams  has  been  made  as  concise  as  possible  in  order  not 
to  lengthen  this  paper  unnecessarily.  Matters  of  interest  relating  to 
the  leakage  of  dams  and  flumes,  methods  of  computing  discharge 
through  nondescript  water  wheels,  and  many  other  questions,  are  pur- 
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CROSS  SECTIONS  AND  PROFILE  OF  DAM  ON  WEST  CANADA  CREEK 
AT  MIDDLEVILLE. 

Fig.  18. 

posely  left  untouched,  in  order  to  discuss  more  thoroughly  the  main 
question  of  how  to  compute  the  flow  over  dams.  The  Schoharie  Creek 
dam  may  be  especially  mentioned  avS  one  with  considerable  leakage,  and 
which  is  used  here  for  illustrative  purposes  only. 

In  passing,  it  may  be  remarked  that  one  result  of  the  Cornell  Uni- 
versity Experiments  was  to  show  that  the  discharges,  as  per  Bazin's 
Series  Nos.  130  and  135,  were  much  too  high,  especially  at  the  consid- 
erable heads  occurring  at  several  of  these  gauging  stations.  The 
reasons  for  this  are  found,  apparently,  in  the  high  discharges  accom- 
panying the  depressed  and  adherent  nappes,  which  occur  at  the  low 
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heads  Bazin  experimented  with.  This,  Bazin  himself  has  pointed  ont, 
in  the  matter  abstracted  from  his  last  paper,  on  a  previous  page.  The 
great  diflference,  however,  is  only  fully  realized  when  we  carry  out 
comparable  experiments  to  the  heads  used  at  Cornell  University. 

The  different  methods  of  experimentation  may  also  be  taken  into 
account.  Bazin  usually  began  with  a  low  head,  gradually  increasing 
to  the  higher;  whereas,  at  Cornell  University,  in  all  the  experiments, 
the  high  heads  were  run  first,  and  were  gradually  reduced.  In  both 
cases,  the  established  regimen  of  flow,  whatever  it  may  have  been,  was 
continued  longer  than  would  have  occurred  under  the  contrary  condi- 
tion, the  coefficients  for  the  two  states  lapping  by  one  another.*    The 

BAZIN'S  SERIES  No.130 
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DAM  ON  CAYADUTTA  CREEK  NEAR  JOHNSTOWN,  ETC. 
FiQ.  19. 

conclusion  under  this  head  is,  therefore,  that'  for  a  rising  stream  the 

discharge  at  or  near  the  critical  point  of  change,  may  be  appreciably 

different  from  the  discharge  for  a  falling  stream  at  about  the  same 

point. 

By  way  of  illustrating  the  method  of  computation  used,  we  may 

discuss   the  computation  for  Schoharie  Creek   dam.      Table   No.  4 

ahows  how  the  data  for  the  discharge  curve  for  this  dam  have  been 

arrived  at,  the  coefficients  used  therein  being  derived  from  Cornell 

University  Experiment  No.  14.     To  begin  with,  zero  of  the  crest  gauge 

is  at  elevation  90.68  ft.     The  crest  itself  divides  into  a  series  of  seo- 

*  As  to  juBt  the  condition  of  the  nappes  for  Bazln's  Series  Nos.  180  and  135,  and  sev- 
eral simiiar  sections,  see  the  tabulations  of  Bazin 's  Series,  on  preceding  pages. 
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tions,  with  elevations  as  shown  on  the  longitudinal  profile  of  Fig.  20, 
and  which  are  designated  in  the  table,  by  the  letters  A,  B,  C,  B,  E, 
andi?V 

•The  method  of  procedare  for  the  computation  of  points  for  the 
discharge  curye  is  as  follows:  The  average  elevation  of  each  section 
of  dam — A,  B,  C,  etc. — having  been  computed  with  reference  to  zero 
of  the  crest  gauge,  the  depth  of  water  flowing  over  each  section,  corre- 
sponding to  a  series  of  readings  on  the  gauge,  was  deduced  and 
tabulated,  as  shown.  Thus,  for  section  A,  we  have,  in  Column  (4), 
head  on  section  in  feet,  and  so  on  for  the  other  sections.  Column  (4) 
also  includes  the  discharge  per  lineal  foot  of  crest,  for  heads  ranging 
from  0.2  ft.  up  to  8.0  ft.,  together  with  the  total  flow  per  section, 
for  the  same  heads.     These  computations  are  made  on  the  basis  of 
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PROFILE  OF  CREST. 
SECTION  AND  PROFILE  OF  SCHOHARIE  CREEK  DAM. 
Fio.  80. 

no  end-contraction  at  the  ends  of  the  sections.  The  summation  at 
the  foot  of  the  table  represents  the  total  flow  over  the  dam,  and 
ranges  from  26  cu.  ft.  per  second,  for  a  head  of  0.2  ft.  to  41  182 
cu.  ft.  per  second,  for  a  head  of  8.0  ft.  The  discharge  curve  is 
constructed  by  plotting  the  final  footings,  with  the  heads  on  the 
crest  in  feet  as  ordinates,  and  discharges  in  cubic  feet  per  second, 
as  abscissas. 

The  foregoing  general  method  ha?  been  applied,  with  necessary 
variations  to  fit  each  special  case,  to  all  the  gauging  stations  herein 
referred  to. 

On  examining  the  values  of  C  =  m  V^  2  ^  in  the  coefficient  tables 
given  herewith,  the  great  range  in  discharge,  dot  only  for  different 
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forms  of  dams,  but  for  varying  heads,  beoomes  apj^arent.  These 
tables  indicate  that  the  making  of  accurate  gaugings  over  dams 
demands  oonsiderable  skill  in  the  application  of  the  available  informa- 
tion. For  minutely  accurate  results,  special  experimentation  is,  in 
many  cases,  indispensable. 

As  regards  experiments  on  dams,  the  Cornell  University  Hydraulic 
Laboratory  can  hardly  be  improved  upon,  and  the  University  authori- 
ties deserve  the  sincere  thanks  of  every  hydraulician,  for  furnishing  an 
equipment  of  this  character.  It  is  to  be  hoped  that  data  of  flow  over 
dams  may  be  greatly  extended  there  in  the  next  few  years. 

In  concluding  the  >paper,  the  writer  may  remark  that  the  studies 
herein  discussed  were,  in  reality,  only  a  side  issue  of  the  entire  inves- 
tigation of  the  water-supply  problems  carried  out  for  the  United 
States  Board  of  Engineers  on  Deep  Waterways.  For  whatever  defi- 
ciencies may  appear,  the  writer  hopes  he  may  be  pardoned,  because  of 
the  time  limit  set  by  the  Board,  which  was,  the  completion  of  every- 
thing within  one  year.  This  condition  compelled  a  strictly  business- 
like administration  and  the  omission  of  much  purely  scientific  detail 
which,  with  more  time  available,  it  would  have  been  very  pleasant  to 
pursue  somewhat  farther.  It  was  necessary,  indeed,  under  the 
requirements  of  the  Board,  to  be  first  of  all  a  business  man— driving 
the  matter  in  hand  along  rapidly  to  a  final  conclusion — and  only 
indulging  in  pure  scientific  work  so  far  as  this  did  not  conflict  with 
definite  progress  from  day  to  day. 

As  regards  the  Cornell  University  authorities,  the  conditions  are 
diflerent,  and  they  will  without  doubt  ultimately  supply  the  engineer- 
ing profession  with  far  more  extended  knowledge  of  the  flow  of  water 
over  dams,  especially  at  high  heads,  than  is  now  possessed. 

The  total  cost  of  this  set  of  experiments,  including  materials, 
common  labor,  carpenters,  engineering  assistants,  draughtsmen,  sten- 
ographer and  time  of  writer  did  not  exceed  81  800.  This  figure  does 
not  include  either  Professor  Williams'  time  or  cost  of  gauges,  which 
were  paid  for  by  the  University  as  part  of  the  permanent  equipment, 
but  it  includes  all  payments  on  account  of  these  experiments  by  the 
United  States  Board  of  Engineers  on  Deep  Waterways. 

The  writer's  thanks  are  due  to  Professor  £.  A.  Fuertes,  Director  of 
Cornell  University  College  of  Civil  Engineering,  for  many  courtesies 
received  during  the  progress  of  the  study. 


Digitized 


byGoogk 


Vol.  XXVI.  MARCH,  1900.  No.  8. 


AMEBIOAN  SOOEETT  OF  CIVIL  ENGDfEEBS. 

INSTITUTED    1868 


PAPERS  AND  DISCUSSIONS. 

NoTC— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


THE  PRACTICAL  COLUMN  UNDER  CENTRAL  OR 
ECCENTRIC  LOADS. 


By  J.  M.  MoNGKDEFF,  M.  Am.  Soo.  O.  E. 
To  BE  Pbesentbd  Mat  2d,  1900. 


This  subject  has  received  the  attention  of  many  investigators,  and* 
in  consequence,  numerous  formulas  have  been  laid  before  the  engineer- 
ing profession,  with  the  object  of  providing  a  means  of  predicting  or 
estimating  the  probable  strength  of  columns  as  affected  by  their  pro- 
portions. Nevertheless,  it  appears  to  the  writer  that  no  apology  is 
needed  for  a  fresh  attempt  in  this  direction. 

In  developing  a  theory  of  column  resistance  and  its  resulting  for- 
mulas some  of  the  more  important  points  requiring  to  be  kept  in  view 
are  the  following: 

1.  The  theory  should  be  based  on  correct  principles  and  the 

formulas  should  be  of  correct  form,  without  introducing 
refinements  which  have  but  little  practical  value  or  influ- 
ence on  the  results. 

2.  The  theory  and  formulas  should  have  a  wide  range  of  appli- 

cation, to  cover  the  conditions  met  in  engineering  practice^ 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting:,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
subsequent  number  of  Proceedings^  and,  when  finally  closed,  the  papers  inath  discussion 
in  full  will  be  published  in  Transactions. 
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and  should  not  be  limited  to  the  case  of  oolnmns  under 
presumably  central  loads. 

3.  The  reasoning  and  the  formulas  should  be  sufficiently  simple 

to  be  understood  by  other  than  expert  mathematicians, 
and  should  be  suitable  for  use  in  every-day  engineering 
practice. 

4.  The  theory  must  show  agreement  ndth,  and  be  a  reasonable 

explanation  of,  the  results  of  practical  experiment. 

5.  The  formulas  should  in  practice  be  applicable  generally  to 

different  materials,  by  simply  introducing  the  values  of  the 
ordinary  physical  constants  of  strength  and  stiffness. 

6.  Empirical  factors  should  be  reduced  to  a  minimum. 

The  simple  theory  and  formulas  which  are  set  forth  in  this  paper 
show  a  fair  compliance  with  the  foregoing  requirements,  and  it  is 
hoped  that  they  may  assist  the  practical  engineer  to  a  better  under- 
standing of  the  important  subject  of  column  strength . 

The  underlying  principles  upon  which  the  reasoning  is  based  are, 
(1)  that  a  perfectly  centered  column  of  perfect  material  and  straight- 
ness  is  an  ideil  conception  seldom  or  never  realized  in  practice,  and  (2) 
that  the  various  disturbing  influences  preventing  the  realization  are 
practically  all  capable,  as  regards  their  ultimate  effect,  of  being 
represented  by  an  equivalent  eccentricity  of  loading. 

Any  theory  based  on  these  principles  ought  to  be  identical  in  its 
results  with  the  theory  of  the  ideal,  perfectly  centered  column  of 
perfect  material  and  straightness,  when  the  factor  representing  eccen- 
tricity is  reduced  to  zero. 

The  assumption  of  the  principle  of  equivalent  eccentricity  receives 
practical  justiflcation  in  the  records  of  the  experiments  of  James 
Christie,  M.  Am.  Soc.  C.  £. ;  the  late  Charles  A.  Marshall,  M.  Am. 
Soc.  C.  E. ;  M.  Consid^re,  and  Professor  Bauschinger,  each  of  whom  - 
found  that  the  physical  axis  of  resistance  in  a  column  did  not  neces- 
sarily coincide  with  the  geometrical  axis,  and  in  fact  very  frequently 
did  not.  Each  of  these  experimenters  made  tests  in  which  he  prac- 
tically felt  for  the  physical  axis  in  order  to  obtain  a  higher  strength 
for  the  column  under  trial,  and  found  that  it  was  quite  possible  for  a 
column  to  show  higher  strength  when  apparently  loaded  eccentrically, 
as  compared  with  the  strength  when  apparently  loaded  exactly  over 
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the  geometrical  axis.  Mr.  Christie's  and  Mr.  Marshall's  principal 
tests  were  both,  however,  centered  over  the  geometrical  axis,  and  their 
attempts  ^to  feel  for  the  physical  axis  were  supplementary. 

After  the  development  of  the  theory  and  its  resulting  formulas,  the 
first  difficulty  in  its  application  to  the  case  of  columns  under  appar- 
ently central  loading  is  the  value  ta  be  assigned  to  the  equivalent 
eccentricity,  and  a  careful  study  of  the  records  of  nearly  all  the  more 
important  tests  of  columns  was  therefore  undertaken,  with  the  view  of 
arriving  at  some  idea  of  what  that  value  should  be.  , 

It  became  at  once  apparent,  from  a  comparison  of  the  tests  by 
different  experimenters,  that  isolated  tests  or  a  set  of  tests  covering 
only  a  small  range  in  proportions,  as  measured  by  the  ratio  of  length 
to  radius  of  gyration,  or  having  only  a  scanty  number  of  tests  at  each 

I 
ratio —,  could  in  themselves  afford  no  reliable  basis  for  use  in  practical 

work,  and  the  writer  has  no  hesitation  in  saying  that  any  general 
conclusions  or  formulas  derived  from  such  conditions  are  absolutely 
misleading. 

It  also  became  most  clearly  evident  that  any  conclusions  deduced 
from  experiments  must  make  full  allowance  for  the  possible  or  prob- 
able history  of  the  material  of  the  column  during  its  manufacture 
and  during  its  preparation  for  the  testing  machine. 

Many  of  the  causes  of  the  divergence  of  practical  experiments  from 
the  theoretic  ideals  have  been  incidentally  alluded  to  in  able  papers 
and  discussions  on  the  subject  of  column  resistance,  but,  very 
frequently,  too  much  emphasis  has  been  laid  upon  the  variable  nature 
of  the  material— excepting  perhaps  in  the  case  of  timber — and,  on  the 
other  hand,  too  little  has  been  credited  to  the  probable  history  of  the 
material,  and  to  the  influence  of  apparently  insignificant  initial  curva- 
ture in  the  specimens,  or  small  errors  in  setting  in  the  testing  machine. 

The  divergence  alluded  to  may,  with  every  probability  of  truth,  be 
partly  credited,  in  the  case  of  wrought  iron  and  steel,  to  the  effects  of 
the  inevitable  cold-straightening  to  which  every  bar,  plate,  or  shape, 
turned  out  of  the  rolling  mill,  must  be  subjected  before  being  fit  for 
use  in  ordinary  construction,  and  to  a  still  greater  degree  before  being 
put  into  a  testing  machine  as  a  properly  prepared  specimen. 

It  cannot  be  too  clearly  realized  that  the  material  used  in  every- day 
construction  is  in  anything  but  an  ideal  condition  as  regards  freedom 
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from  internal  stresses,  and  as  regards  nniformity  of  elastic  resistance 
in  its  detailed  sections. 

This  is  quite  a  different  thing  from  assuming  that  material  of 
similar  history  and  of  the  same  class  varies  very  widely  in  its  compres- 
sive strength,  or  in  the  value  of  the  modulus  of  elasticity. 

Striking  instances  of  the  influence  of  history  have  been  given  by 
Sir  Benjamin  Baker,  Hon.  M.  Am.  Soc.  C.  E.,  in  the  case  of  experi- 
ments which  he  carried  out  on  solid,  mild  steel  columns,  30  diameters 
in  length,  showing  that  the  resistance  varied  according  to  previous 

treatment,  as  follows:* 

Tons  per 
square  inch. 

**  Annealed 14.6 

Previously  stretched,  10  per  cent 12 . 6 

**  compressed,  8      **         22  1 

*•  **  9      "         28.9 

Straightened  cold 11.8" 

There  are  also  a  number  of  references  to  the  influence  of  history  in 
Mr.  James  Ohristie'sf  papers  on  the  strength  of  iron  and  steel. 

The  efi'ect  of  cold-straightening  is,  of  course,  to  locally  strain  the 
material  beyond  the  limit  of  elasticity,  and,  without  this  overstrain, 
the  bar  or  plate  could  not  be  straightened.  The  result  is  that  at 
certain  points  the  modulus  of  elasticity,  or,  in  other  words,  the  stiff- 
ness of  the  fibers  overstrained  in  tension,  is  lowered  very  greatly  as 
regards  resistance  to  compressive  stress,  and  the  fibers  overstrained  in 
compression  are  affected  similarly  as  regards  their  resistance  to  tensile 
stress.  In  addition,  permanent  internal  stresses,  both  tensile  and 
compressive,  are  set  up  in  the  material,  and  these  are  neither  imagi- 
nary nor  insignificant,  t 

A  direct  consequence  of  this  interference  with  natural  conditions 
is  that  the  *^  physical"  axis,  or  the  axis  passing  through  the  center  of 
resistance  of  every  section  of  the  column,  will  not  be  coincident  with 
the  geometrical  axis,  and  in  forming  a  mental  conception  of  the 
physical  axis  under  these  artificial  conditions,  we  are  driven  to  the  con- 
clusion that  in  practical  work  it  can  rarely,  if  ever,  be  a  straight  line. 

If  these  deductions  be  extended  to  the  case  of  short  test-specimens 

under  compression,  how  is  it  to  be  expected  that  accurate  determina- 

^  Minutes  of  Proceedings^  Institution  of  Civil  Engineers,  Vol.  xcii,  p.  44. 

t  Transactionsy  Am.  Soc.  C.  E.,  Vol.  xilL 

t  Minutes  of  Proceedings^  Institution  of  Civil  Engineers,  Vol.  xcii,  p.  44. 
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tions  of  the  natural  elastic  compressive  strength  can  be  derived  from 
specimens  cut  from  a  portion  of  the  material  which  may  preyiously 
have  been  subjected  to  cold -straightening.  Other  portions  of  the 
same  piece  may  not  have  been  in  the  straightening  press,  and  it  would 
then  be  reasonable  to  expect  them  to  show  a  higher  value  of  elastic 
strength. 

In  the  case  of  built  columns,  the  effect  of  the  process  of  machine- 
riveting  is  another  outside  influence  on  the  condition  of  the  material 
which  requires  recognition.  £v6rj  practical  constructor  knows  that 
in  riveting  up  a  member  by  hydraulic  machine-riveters,  the  various 
parts  have  a  tendency  to  stretch  oujb  and  creep  past  each  other,  some- 
times in  very  different  degrees,  resulting  in  the  members  twisting  or 
bending  out  of  a  straight  line,  and  no  clearer  evidence  can  be  adduced 
to  prove  the  existence  of  somewhat  heavy  internal  stresses  in  the 
finished  work. 

In  symmetrical  sections  the  effect  of  the  riveting  down  one  side 
will  be  apparently  neutralized  by  the  subsequent  riveting  on  the 
other;  but  in  an  assemblage  of  plates  and  angle  bars,  or  other  sections, 
as  already  remarked,  the  plates  and  bars  often  stretch  or  creep  in 
different  degrees,  so  that,  although  the  resulting  member  may  be 
quite  straight  and  free  from  twist,  this  will  be  no  proof  of  the  non- 
existence of  severe  artificial  internal  stresses. 

Among  the  instances  of  this  which  have  occurred  in  the  writer's 
experience,  one,  in  connection  with  a  bridge  over  the  River  Tyne, 
England,  may  be  mentioned. 

In  order  to  guard  against  this  creeping  tendency,  the  writer 
specified  that  the  large  columns  of  the  river  piers  should  have  their 
butt-joint  ends  machined  over  the  full  section, 
after  having  been  riveted  up  in  lengths  in  the  con- 
tractors' yard,  to  ensure  that  the  butts  should  bear 
on  each  other  for  the  full  sectional  area  of  the 
members.  ^  _ 

These   columns    are   of  cruciform  section,   as         t---*^-    i 

Fio.  1. 
shown  in  Fig.  I,  and  the  total  length  of  each  con- 
sists of  three  lengths  of  about  27  ft.     By  some  oversight,  however,  in 
the  case  of  some  of  the  columns,  the  specified  requirement  was  not 
carried  out  in  the  contractors'  yard,  and  instead,  the  ends  of  each 
individual  bar  and  plate  were  machined  to  a  very  good  fit  before  rivet- 


^«U1 1  1 4  OC 
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ing  was  oommenced.  Tacking  rivets  were  then  put  in  to  hold  the 
various  parts  in  their  correct  relative  positions,  and  the  riveting  was 
proceeded  with  throughout  the  length  of  27  ft.,  and  on  its  completion 
it  was  found  that  the  angle  bars  and  plates  had  crept  past  each  other 
in  varying  degrees,  so  that  the  previous  careful  fitting  was  of  no  avail, 
and  the  joint  had  to  be  re-dressed  by  hand.  The  web- plate  ends  were 
also  found  to  be  hollow  to  the  extent  of  ^g  in.  in  the  half-width  of 
column  between  the  angle  bars,  and  this  undoubtedly  points  to  the 
fact  that  internal  stresses  must  exist  in  the  column  as  made. 

The  columns  appeared  to  be  quite  straight  and  true  as  a  whole, 
and  the  material  of  the  plates  and  angles  was  all  made  and  tested 
under  the  same  specified  requirements  of  tensile  strength,  28  to  32  tons 
(2  240  lbs.)  per  square  inch,  with  ultimate  elongation  of  at  least  20^ 
in  8  ins.    The  material  is  open-hearth  acid-process  steel,  throughout. 

In  the  case  of  cast-iron  columns,  of  course,  cold-straightening 
or  'machine-riveters  do  not  enter  as  disturbing  influences,  but  it  is 
hardly  necessary  to  point  out  the  probably  similar  influences  due  to 
the  hidden  defects  and  internal  stresses  known  to  exist  more  or  less 
in  all  castings. 

The  other  influences  to  which  the  writer  has  referred,  i.  e.,  the 
presence  of  initial  curvature  or  small  errors  in  setting  specimens  in 
the  testing  machine,  have  by  no  means  an  insignificant  value  in  the 
results  obtained  in  experiments  on  **  centrally  "  loaded  columns. 

Mr.  James  Christie*,  in  his  paper  entitled  '*  Experiments  on  the 
Strength  of  Wrought-Iron  Struts,"  remarked  that  his  specimens  were 
practically  straight,  but  careful  measurements  revealed  the  existence 
of  small  amounts  of  initial  curvature.  These  measurements  are 
recorded  in  his  tables  of  results,  and  the  calculations  of  deflection 
hereafter  given  will  show  that  they  had  an  appreciable  influence  on 
the  strength  of  the  specimens.  Mr.  Charles  A.  Marshall's  tests  also 
give  valuable  evidence  in  the  same  direction. 

The  importance  of  apparently  very  small  errors  in  setting  the 
columns  in  the  testing  machine  also  received  most  definite  practical 
demonstration  in  the  tests  by  Mr.  Christie  and  Mr.  Marshall,  and  also 
in  those  by  Professor  Bauschinger,  since  moving  the  specimens  very 
small  distances  from  their  original  positions  had  great  influence  on 
the  results. 

*  Transactions^  Am.  Soc.  C.  E.,  Vol.  xiii. 
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In  view  of  these  prejudicial  influences,  it  can  be  no  matter  for 
surprise  that  such  wide  differences  exist  between  results  obtained 
under  apparently  identical  conditions,  by  the  same  experimenter,  on 
the  same  material  and  with  columns  of  precisely  the  same  proportions. 
It  is  surprising,  however,  that  attempts  are  made  constantly  to  express 
the  average  results  of  such  wide  differences  by  a  single-line  formula. 

What  would  be  thought  of  an  engineer  who  used  wrought  iron  and 
mild  steel  indiscriminately,  in  a  bridge  or  other  structure,  after  strik- 
ing an  average  between  the  tensile  strengths,  of  the  two  materials  as  a 
basis  upon  which  to  determine  the  sections  of  the  tension  members? 
This  would  be  no  more  erroneous  and  misleading  than  the  present 
practice  of  using  the  average  strength  of  columns  of  any  particular 
class  of  material  and  of  any  one  value  of  such  proportions  as  are  usual 
in  practice.  It  is  surely  a  much  more  rational  and  scientific  procedure 
to  ascertain  within  what  limits  we  may  reasonably  expect  the  strength 
of  columns  to  lie,  and  then  to  base  our  estimate  of  probable  strength 
on  the  lower  limit  so  derived. 

No  reference  is  here  intended  to  be  made  to  what  would  be  deemed 
defective  columns,  in  any  respect,  but  only  to  columns  which  are  in 
every  practical  sense  believed  to  be  above  suspicion.  The  enuncia- 
tion of  the  principle  that  the  strength  of  columns  of  any  given  material 
cannot  be  represented  by  any  single-line  formula,  but  must  be  ex- 
pressed by  an  area  within  which  the  results  of  experiments  may  be 
expected  to  lie,  was,  the  writer  believes,  first  made  by  Professor  T. 
Ciaxton  Fidler,  M.  Inst.  C.  E.,*  ascribing  the  variations  in  column 
strength  to  variations  in  the  modulus  of  elasticity. 

lu  plotting  the  results  of  the  tests  of  various  experiments  upon  the 
diagrams  accompanying  this  paper,  the  writer  has  endeavored  to  show 
every  test  wherever  possible,  provided  no  defects  or  special  circum- 
stances were  involved. 

In  the  case  of  Professor  Tetmajer's  tests,  the  records  of  a  consider- 
able number  of  the  results,  as  given  in  his  tables,  were  the  averages  of 
two  specimens,  so  that  those  diagrams  on  which  Tetmajer's  tests  are 
plotted  do  not  show  the  full  range  of  the  tests,  and  the  differences 
between  maximum  and  minimum  results  would  be  actually  somewhat 
more  than  shown.  In  all  other  cases,  however,  it  is  believed  that 
every  result  plotted  on  the  diagrams  refers  to  a  single  experiment. 

♦  '•Od  the  Practical  Strength  of  Columns,  and  of  Braced  StrutSy''  Minutes  of  Pro- 
ceedings, Institution  of  Civil  Engineers,  Vol.  Ixzxvi  (1686). 
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As  far  as  the  writer  is  aware,  Hodgkinson's  tests  of  columns  of  Low 
Moor,  No.  3,  cast  iron  and  of  wrought  iron,  with  both  ends  rounded  or 
both  ends  flat,  are  shown  here  complete  and  in  their  full  number 
(within  the  limits  of  length  of  the  diagrams)  for  the  first  time. 

Hodgkinson's  other  experiments  on  ^ast-iron  columns  are  also 
shown  on  a  diagram  to  which  further  reference  will  be  made,  but 
these  tests  were  on  specimens  of  various  kinds  of  cast  iron,  and  by 
themselves  could  form  no  reliable  guide,  although,  together  with 
Hodgkinson*s  experiments  on  Low  Moor,  No.  3,  cast  iron,  they  have 
formed  practically  the  only  basis  for  the  design  of  cast  iron  columns 
for  the  last  fifty  years;  and  extensive  tables  of  the  strength  of  cast- 
iron  columns,  based  on  them,  and  calculated  from  Gordon's  or 
Bankin's  formulas,  are  to  be  found  in  nearly  every  pocket-book  pub- 
lished for  the  use  of  engineers. 

The  diagrams  have  all  been  plotted  to  such  proportions  as  to  show 
clearly  the  differences  between  the  various  tests  and  also  their  relation 
to  the  calculated  curves  derived  from  the  writer's  formulas.  It  would 
have  been  easy  to  have  shown  an  apparently  better  agreement  by 
adopting  other  proportions  for  the  diagrams. 

The  writer  proposes  to  deal  with  the  theory  and  resulting  formulas 
in  the  first  place,  and  afterward  to  compare  them  with  the  results  of 
nearly  all  the  more  important  series  of  tests  hitherto  made  upon 
columns  of  cast  iron,  wrought  iron,  steel  and  timber. 

THEOREHCAIi   PRINCIPIiBS. 

Any  column  with  the  smallest  eccentricity  of  loading  or  the 
smallest  amount  of  initial  curvature  will  immediately  begin  to  deflect 
under  load,  and  the  deflection  will  increase  in  a  much  more  rapid 
degree  than  the  increase  of  load,  and  every  increase  in  deflection  tends 
still  further  to  increase  deflection.  It  is  this  last  fact  which  makes  a 
column  of  moderate  length  so  exceedingly  sensitive  to  small  deviations 
in  loading  or  to  small  initial  bends. 

In  order  to  arrive  at  an  expression  for  the  strength  of  any  coJumn, 
it  is  therefore  necessary  to  develop  first  a  formula  to  express  the  deflec- 
tion of  that  column  under  given  conditions.  The  deflection  of  a 
column  is  caused  solely  by  the  bending  moments  imposed  up(»nit,  and 
the  laws  of  deflection  are  therefore  the  same  as  for  a  beam  under 
transverse  stress. 
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The  probable  deflection  of  a  solid  beam  sabjeoted  to  bending 
moments  can  be  determined  very  simply,  with  all  necessary  practical 
fu!cnracy,  if  the  relations  existing  between  the  stress  diagram  and  the 
resulting  deflection  are  made  use  of.* 

These  relations  apply  with  equal  correctness  to  the  case  of  a  column. 
Let  P  Q  in  Fig.  2  represent  a  cantilever  of 
uniform  section,  and  let  P  Q  Rhe  the  diagram 
of  bending  moments— either  regular  or  irregu- 
lar in  outline.     Let  I  =  moment  of  inertia  of 

k- i 

the  cross-section  of  the  cantileyer,  and  E  = 

modulus  of  elasticity  of  the  material  used.  Fio.a. 

Take  sections  at  distances  x  and  x  +  s  from  the  point  P  at  the 
extreme  outer  end  of  the  cantilever,  and  let.it  be  required  to  find 
the  deflection  of  the  point  P  below  the  point  T  at  the  center  of  «, 
caused  by  the  stress  existing  between  the  two  sections,  which  are 
further  supposed  to  be  exceedingly  close  together,  so  that  s  is  very 
small  compared  to  x.  This  being  so,  the  bending  moment  on  the  canti- 
lever between  the  two  sections  may,  without  appreciable  error,  be 
assumed  as  uniform  for  the  length  s. 

Then,  if  if  be  the  bending  moment  at  the  sections  considered,  and 

€,  c'  the  distances  of  the  extreme  fibers  from  the  neutral  axis  of  the 

sections,  the  resulting  stress  in  the  fibers  will  be 

^      Mc      ^   ^,     Mo' 
/=-^-and  /    =-p, 

the  common  formula  for  the  stress  in  a  solid  beam. 

The  resulting  extension— or  compres- 
sion—of these  extreme  fibers  will    be 

A.  =  4?  and  X'  =^-J,  and  the  point  P 


VNOIf  LICTU  *M> 


t 


W^""-' 


4aV 


will  be  defiected  below  the  point  T,  as 

shown  in  Fig.  3  by  dotted  lines,  and  it 

is  clear  that  if  we  reduce  s  to  an  ex- 

*         -I        -I . 
ceedingly  small  quantity  —  =  —  =  — ,  since  the  angle  subtended  by 


Pio.  8. 


6 

is 

very 

small; 

and  therefore 

c 

fsx 
~  Ec  " 

Mcsx 
"  /Ec  ~ 

Msx 
IE- 

•"  Theory  of  Solid  and  Braced  Elastic  Ardhes."  by  W.  Cain,  M.  Am.  Soc.  C.  E.,  1879; 
and  "  ContlDuous-Girder  Bridges."  by  T.  C.  Fidler,  Minutes  of  Proceedinat,  InBtitution 
of  ClvU  Engineers,  Vol.  Ixxlv,  1888. 
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We  have  here  dealt  only  with  the  deflections  resulting  from  the 
bending  moment  and  stress  existing  between  the  two  sections,  at  dis- 
tances X  and  X  +  8  from  the  point  P,  but  the  same  relation  holds  for 
all  other  sections,  and  the  total  deflection  caused  by  the  bending 
moments  along  the  whole  length  /  of  the  cantilever  will  he  2  S  =  J  = 

the  sum  of  the  values  of  -py  between  the  points  P  and  §  =  S  ~~Wr 

The  numerator  of  this  quantity  is  simply  the  moment  of  the  area 
of  the  diagram  of  bending  moments  around  the  extreme  point  P,  and 
the  equation  may  be  put  into  the  form 

where  A  =  area  of  diagram  of  bending  moments, 

X  =  distance  of  center  of  gravity  of  this  area  from  the  point  F. 

It  is  to  be  remembered  that  the  deflection  to  be  dealt  with  in  beams 
is  always  practically  very  small,  compared  to  the  length  of  the  beam, 
and  the  above  reasoning  is  not  intended  to  be  applied 
to  absurd  and  improbable  extremes.     The  relations 
deduced  would  not,  of  course,  apply  to  a  girder  with  :  •     ' 

a  deep  braced  web  under  heavy  shearing  stresses,  but   '  :  ■ 

on  a  solid  beam  section  the  deflection  due  to  shearing  ["T 

stress  is  very  small  compared  to  that  due  to  transverse  !    ' 

bending;  and,  in  the  case  of  columns,  whether  solid  or  \-  ' 

with  braced  webs,  the  shearing  stresses  are  ag^in  much  ! 

less  than  are  usual  in  beams.  .  ) 

It  is  a  simple  matter  to  apply  the  foregoing  rela-  i 

tions  to  the  case  of  a  column  under  eccentric  load,  a 

and  with  round  or  perfectly  free  pivoted  ends.  Let 
Q  R  (Fig.  4)  represent  the  axis  of  a  column  of  length 
/  acted  upon  by  forces  P  acting  at  a  distance  e  from  Fio.  4. 

the  axis  at  its  ends,  with  a  resulting  deflection  J  at  the  center  of  the 
column's  length. 

The  column  deflection  is  exaggerated  in  the  figure,  for  the  sake  of 
clearness,  and  the  length  I  marked  thereon  appears  to  be  considerably 
shorter  than  the  true  length  of  the  curved  axis  of  the  bent  column, 
but  the  difference  in  an  actual  column  under  test  would  be  very  smaU, 
and  would  not  affect  the  reasoning  to  any  appreciable  extent. 

The  diagram  of  bending  moments  will  then  be  as  shown  in  the 
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figure  included  between  the  ourre  of  the  bent  column  and  the  line  of 

action  of  the  end  forces  P  P,  and,  treating  each  half  of  the  column  as 

a  cantilever,  the  deflection  from  the  tangent  to  the  bent  column  at  its 

A  X 
center  will  be  J  =    >,  ^  when  equilibrium  is  established  between  the 

bending  moments  produced  by  the  eccentric  load  with  the  resulting  de- 
flection and  the  internal  moment  of  resistance  of  the  column  sections. 

In  order  to  solve  this  equation  for  any  given  case,  it  is  necessary, 
theoretically,  to  know  the  exact  character  of  the  curve  of  the  bent 
column,  as  the  bending  moment  at  any  point  =  P  (e  +  ^')»  where  J' 
is  the  deflection  from  the  chord  line  at  that  point,  but  we  are  mainly 
concerned  with  the  deflection  and  bending  moment  at  the  point  where 
these  are  maxima,  i.  e.,  at  the  center  of  the  column  length,  and  the 
central  deflection  is  the  very  quantity  that  is  sought. 

Practically,  however,  it  is  of  small  importance  to  know  the  precise 
nature  of  the  curve,  and  a  considerable  divergence  from  theoretic 
accuracy  in  our  knowledge  of  its  true  character  makes  but  a  trifling 
difference  to  the  final  result,  as  may  be  proved  easily  by  assuming 
various  outlines  for  the  curve. 

If  the  bending  moment  were  perfectly  uniform  for  the  full  length  of 
the  column,  the  curve  taken  by  the  latter  would  be  part  of  a  circle,  and 
if  the  eccentricity  of  loading  were  indefinitely  small,  the  curve  would 
be  a  curve  of  sines.  The  actual  curve  is  somewhere  between  these, 
and  depends  on  the  amount  of  eccentricity,  and,  as  the  deflection  of 
columns  in  actual  test  or  practice  is  very  small  in  comparison  with  the 
column  length,  it  is  sufficiently  accurate  for  all  practical  purposes  to 
assume  the  curve  to  be  a  parabola,  which  will,  under  actual  conditions, 
differ  in  an  exceedingly  small  degree  from  the  curves  of  both  of  the 
extreme  conditions  mentioned. 

Under  any  circumstances,  the  area  of  the  diagram  of  bending  moments 
for  the  half  length  of  a  column,  loaded  as  shown  in  Fig.  4,  will  be 

when  ^  is  a  coefficient  expressing  the  mean  deflection  in  terms  of  the 
maximum  deflection  J  at  the  center  of  the  column  length,  and  the 
moment  of  this  area  around  the  extreme  end  Q  of  the  column  will  be 


^X=(pxeX,^)i-+(i'X^')x^. 
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where  x\b  &  coefficient  in  terms  of  -^z,  expressing  the  distance  from  Q 

of  the  center  of  gravity  of  the  portion  of  the  moment  diagram  included 
between  the  chord  and  the  curve  of  the  bent  column,  L  e. ,  that  portion 
of  the  moment  diagram  due  to  column  deflection. 

Then  u 


8 

,  Pl'Jt/x 

'          4 

+  '2Jyx), 

8    <" 

and  -g^  =  /f  =  -g-ij(e4-2/(yx); 

andtherefore  8  E IJ  =  P  I*  (e +  2  J  y  x), 

fromwhich  ^  =  ___^|±__     (1) 

Now,  making  use  of  the  assumption  that  the  curve  of  the  bent 
column  is  a  parabola,  the  corresponding  values  of  y  and  x  will  be 

and  substituting  these  values  in  General  Equation  (1),  we  have  as  a 
practical  result  for  the  deflection  of  columns  under  eccentric  load 

P  l^  e                                P  l^  e 
^  ^  SEI—i^Pl*  X  t  X  t)  ^  SEI—  i  Pl^ ^^^ 

An  inspection  of  these  formulas  at  once  shows  that  any  column,  of 
whatever  material,  with  both  ends  round,  and  with  the  eccentricity  of 
loading  reduced  to  an  exceedingly  small  degree,  in  fact,  to  as  small  an 
amount  as  we  can  form  any  conception  of,  so  long  as  it  has  a  positive 
value,  would  tend  to  have  an  infinite  deflection,  and  therefore  fail 
absolutely,  as  soon  as  the  denominator  of  the  right-hand  member  of 
the  equation  becomes  zero. 

Then,  using  Equation  (1),  J  would  have  an  infinite- value  when 
SEI=2Pl^t/x; 
and  the  ultimate  load  would  therefore  be 

p_    SEI 

Under  the  assumed  ideal  condition  of  perfect  central  loading,  the 
curve  of  the  column  when  bent  being  a  curve  of  sines,  the  values  y 
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P==^^.—  . 


and  X  wonld  each  be  — ,  and  substitating  these  in  the  equation,  w» 

have  as  the  ultimate  load  of  the  ideal  column  with  both  ends  round 

ie^  EI      9.S7  EI 
^-      i»    -        i» 

or  Euler's  formula. 

If  Equation  (2),  based  on  the  curve  of  the  column  being  assumed 

to  be  a  parabola,  were  used  in  this  way  to  estimate  the  ultimate  load, 

instead  of  General  Equation  (1),  with  the  correct  values  of  y  and  x,  the 

result  -would  be 

d.ejEI 

so  that  by  applying  the  assumption  as  to  the  curve  of  the  column 
being  a  parabola,  even  to  the  ideal  extreme,  we  would  make  an  error  on 
the  safe  side  of  only  2.73%  below  the  theoretic  truth 
in  the  estimate  of  ultimate  load,  and  a  small  amount 
of  eccentricity,  such  as  we  may  reasonably  expect  in 
presumably  centrally  loaded  columns  in  actual  prac- 
tice, would  reduce  this  already  small  error  to  still 
smaller  and  practically  inappreciable  dimensions. 

It  is  clear,  therefore,  from  the  foregoing,  that  the 
formulas  for  deflection,  whether  in  the  general  form 
(1),  or  in  the  suggested  practical  form  (2),  are  based  on 
correct  theoretic  principles,  and  are  of  correct  form. 

We  have  dealt  hitherto  with  the  case  of  a  column 
supposed  to  be  absolutely  straight  before  loading,  and 
it  remains  to  be  seen  what  influence  a  small  amount  of 
initial  curvature  would  have  on  the  deflection. 

Let  t?,  Figs.  5  and  6,  represent  the  versine  of  an  ^^^^. 
initial  curvature,  whether  outwardly  visible  or  not,  in    ~ 
the  axis  of  an  eccentrically  loaded  column.     It  may 
have  positive  value.  Fig.  5,  or  negative  value.  Fig.  6, 
relatively  to  the  eccentricity  e  with  which  the  load  is 
imposed.  ^ 

Let  y^  and  x^  be  functions  with  regard  to  the  area 
enclosed  between  the  initial  curve  of  the  column  and 
its  chord  line,  of  similar  character  to  y  and  x,  already  adopted  with 
regard  to  the  curve  of  the  column  resulting  from  stress,  or  let  y-^  and 
Xj  bear  similar  relations  to  v  and  /  as  y  and  x  bear  to  J  and  I, 


.l« 


Fio.B. 


Fio.  6. 
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Then,  whatever  be  the  precise  character  of  the  initial  curve  and  the 
deflection  curve,  using  the  same  reasoning  as  before,  we  have 
A  X      PI*  {e-^2i/x  J  d:  2  yi  a?|  v)  _ 

s=  central  deflection  due  to  stress, 


And  therefore  J  -  ^-^l^  ^i  ^i  ^) 
And  therefore  ^  -  ^_-^-_^^  ^.^  ^  ^. 


(3) 


This  would  give  a  minus  value  to  J,  if  the  quantity  2  i/i  x^  v 
should  happen  to  have  the  minus  sign,  and  at  the  same  time  be  greater 
in  value  than  e,  but  this  would  simply  mean  that  the  deflection  would 
take  place  in  the  opposite  direction  to  that  in  which  e  alone  would 
cause  it  to  bend.  It  must  be  kept  in  view  that  we  are  dealing  with 
small  amounts  of  initial  curvature,  shown  in  exaggeration  in  Figs.  5 
And  6,  for  the  sake  of  clearness. 

In  the  case  of  Fig.  5,  where  the  initial  curvature  is  positive  with 
regard  to  the  eccentricity,  t.  e.,  acts  with  the  eccentricity  to  increase 
the  deflection,  the  diagram  of  bending  moments  increases  with  the  load 
imposed  from  the  avea  bounded  by  the  straight  line  joining  the  end 
forces  P  P,  and  the  initial  curve  of  the  column  to  the  area  bounded 
by  the  line  joining  P  P  and  the  curve  of  the  deflected  column. 

The  bending  moment  at  the  center  of  the  column  length  is  primarily 
P  (e  +  v),  increasing,  as  the  column  deflects  under  load,  to  P  {e  +  v 
-|-  J).  In  the  case  of  Fig.  6,  the  conditions  are  altered  by  the  initial 
curvature  acting  against  the  eccentricity,  and  the  primary  bending 
moment  at  the  center  of  the  column  length  will  be  P  (e  —  «),  increas- 
ing to  P  {e  —  t?  +  -^Jj  or  P  (e  —  v  —  J),  depending  on  whether  the 
influence  of  e  or  t?  happens  to  be  greater  in  producing  the  deflection  J, 
since  J  must  of  neoei^ity  take  the  sign  of  the  more  influential  of  these 
quantities. 

Now  comparing  Formula  (3)  with  Formula  (1),  it  will  be  seen  that 
An  initial  curvature  has  an  influence  similar  to  an  equivalent  value  of 
eccentricity  of  loading,  and  the  term  (e  ±:2i/iX^v)  may  be  replaced  by 
a  single  term  represented  by  e  in  those  columns  for  which  we  cannot 
determine  precisely  the  correct  value  e  and  v,  such  as  the  presumably 
centrally  loaded  column  of  ordinary  material. 

Substituting  the  symbol  e  for  e  in  Formula  (2),  we  then  have 

SEi—iPl^ ^*^ 
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for   the    deflection    of   practical    colnmns  apparently  straight,  and 
apparently  centrally  loaded. 

It  must  at  once  be  recognized  that  it  is  practically  impossible  to 
assign  any  value  for  e  beforehand,  for  any  particular  column,  for  reasons 
already  given. 

The  foregoing  reasoning  will  explain  how  it  may  easily  happen  that 
two  columns  of  identical  dimensions  and  of  identical  material,  as  far  as 
we  are  able  to  determine,  might  give  very  different  results  in  the  test- 
ing machine,  by  one  having  the  internal  v  acting  with  the  accidental  e^ 
and  the  other  having  its  internal  v  acting  contrary  to  its  accidental  e, 
since  the  value  of  e  might  be  very  appreciable  in  the  first  case,  and  in 
the  second  case,  if  2  yj  X|  v  happened  to  be  equal  to  +  e,  the  value  of  e 
would  be  zero,  and  the  column  would  probably  show  a  high  ultimate 
strength. 

We  are  now  in  a  position  to  deduce  a  formula  to  express  the  maxi- 
mum stress  in  a  column  under  eccentric  load,  and  to  extend  it  to  the 
case  of  the  practical  column  under  presumably  central  load. 

Bef  erring  to  Fig.  4,  the  bending  moment  at  the  center  of  the  column 
length  is 

M=P(e  +  J)=- 


I/.ar-^A 


c  c 

and  therefore  /.  =  ±  — 5—^, 

where  r  is  the  radius  of  gyration  of  the  column  section  in  the  direction 

in  which  the  column  bends,  and/^  represents  the  unit  stress  caused  by 

the  bending  moment  alone  at  a  distance  c  from  the  neutral  axis,  and 

a  =  the  sectional  area  of  the  colunm. 

The  direct  compression  on  the  column  section  at  the  same  time  is 
p 
-|-/^  =  —  =  average  load  per  square  inch  on  the  sectional  area  of  the 

column,  and  the  total  stress  in  the  extreme  fibers  will  therefore  be 
and  now,  substituting  the  value  of  J  from  Equation  (2), 

pr- 


P  \  .         c_  (  Pl^e  \   ] 
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From  Equation  (5)  it  is  probable  that  an  expression  may  be  dednced 
to  give  the  ayerage  load  per  square  inch  /^  oorresponding  to  a  given 
maximum  of  minimum  stress  F  with  varying  values  of  the  other 
factors,  but  the  writer  has  found  it  much  simpler  and  easier  to  deal 

with  the  value  of  the  ratio  —   corresponding  to  a    given   value   of 

r 

maximum  or  minimum  stress  F,  average  stress,/,,  modulus  of  elasti- 
city E,  and  a  given  value  of  -— . 

Efforts  have  been  made,  in  connection  with  most  column  formulas, 
to  determine  the  value  of/^  for  a  given  value  of  — ,  but  the  writer 
has  never  found,  in  his  own  practice,  any  advantage  in  this,  and  it  is 

equally  convenient  to  be  able  to  determine  the  value  of  —  corresponding 

r 

to  a  given  value  of  /^.     Either  way  is,  as  a  matter  of  practice,  equally 

suitable  for  the  purpose  of  laying  down  a  curve  to  express  the  strength 

of  varying  proportions  of  columns. 

From  Equation  (5),  the  general  expression  for  the  maximum  stress 

produced  in  a  column,  we  have 

and,  dividing  the  factor    g  Er^^—  ^f  I*  ^^  ^ ^' 


F  =  fa  \   li' 


and  using  the  symbol  R  to  represent  ,  we  have 


r 


-f    \  i^l±(^^±f^'^\\    


(6) 


and  now  nsing  the  +  sign  in  the  brackets  to  determine  the  maximum 
fiber  stress  F^ 

F-f  d^'"    <    48g  +  /,i?'    )\ 
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from  whiob  we  have,  by  Bimple  algebraic  transformatioD,  the  valne  of 
B  correspondiDg  to  any  fixed  yalne  of  the  maximnm  compressive 
stress  F^ 


""  N'5i..+r(l;-5)p  '  -]• 


(7) 


Bimilarlj,  using  the  —  sign  in  the  brackets  in  Eqnation  (6)  to 
determine  the  minimum  fiber  stress  (not  necessarily  tensile)  i^,. 

which  is  easily  transformed  to 


.(8) 


It  shonld  be  noted  here  that  F^  only  becomes  tensile  when  the 
maximnm  tensile  fiber  stress /{,  caused  by  bending  is  greater  than  the 
direct  compressiye  stress/,,  and  it  should  also  be  noted  that  F^  must 
be  given  its  proper  sign  to  correspond  with  its  character,  t.  e. ,  +  when 
compressive  and  —  when  tensile,  irrespective  of  the  fixed  signs  shown 
in  Equation  (8). 

The  precise  use  of  these  equations  (7)  and  (8)  is  as  follows : 

Let  it  be  assumed  that  in  a  given  section  of  column,  we  decide 

that  a  certain  value  of  maximum  compressive  stress  F^^  or  a  certain 

value  of  minimum  stress  F^,  is  not  to  be  exceeded ;  these  values  being 

inserted  in  Formulas  (7)  and  (8),  together  with  the  value  of  E  and 

— ^,  corresponding  to  the  material  used  and  the  section  of  column  and 

eccentricity  of  loading  actually  adopted,  we  have  at  once  the  value  of 

i?  corresponding  to  different  values  of/,,  the  direct  load  per  square  inch. 

Both  of  these  formulas  reduce  to  exceedingly  simple  terms  on  the 

insertion  of  the  physical  constants  E,  F^,  or  F^^  and  the  proper  value 

c  c 
of — 3 ,  as  will  be  seen  later  in  their  application. 

Formulas  (4),  (5),  (6),  (7)  and  (8)  are  all  general  expressions  appli- 
cable to  the  case  of  columns  with  both  ends  free,  and  of  any  given 
material  and  form  of  section,  and  with  any  given  value  of  eccentricity 
of  loading  probable  in  practical  work. 

Professor  William  Cain*  came  to  the  conclusion  that,  with  an  ideal 
column,  perfectly  centrally  loaded,  up  to  the  value  given  by  Euler's 
*  *'  Theory  of  the  Ideal  Column,"  Tranmction$^  Ain  Soc.  C.  E.,  Vol.  xxxiz. 
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formula,  a  verj  small  increase  to  this  load  insures  failure  of  the  column. 
A  very  similar  conclusion  can  be  drawn  by  applying  Formula  (4)  to 
a  given  example,  say  ^  =  80  000  000,  /  =  10  ins.^,  /  =  800  ins.,  and 
assume  e  as  0.001  in.,  corresponding  to  an  accuracy  of  loading  far 
beyond  practical  possibilities. 

Than  yl  -  ^^^^         ~        P  X  90  000  X  T^-s 

SEI—iPl^'^  2  400  000  000  — 75  000  i' 

and  if  P  be  taken  in  units  of  10  000  lbs.,  this  reduces  to 

12P 

32  000  — 10  UOOP" 

Working  this  out  for  the  various  values  of  P,  we  hf^ve  the  results 

shown  in  Table  Xo.  1. 

Table  No.  1. 


P,  In  pounds. 

A,  in  fnchee. 

P,  in  pounds. 

A,  in  inches. 

P,  in  pounds. 

A,  in  inches. 

0 

0.0000 

81600 

0.0948 

31970 

1.2788 

20  000 

0.002 

31650 

0.1085 

31975 

1.5348 

25  000 

0.0048 

31700 

0.1268 

31980 

1.9188 

28  000 

0.0084 

81750 

0.1524 

31985 

2.5588 

29  000 

o.oiir, 

81800 

0.1908 

31990 

8.8888 

80  000 

0.018 

81850 

0.2548 

1      81992 

4.7988 

30  500 

0.0244 

31900 

0.8828 

1      31 994 

6.3988 

81000 

0.0372 

31950 

0.7668 

31  uVD 

9.599 

81500 

0.0756 

31960 

0.9588 

32  000 

X 

These  results  are  instructive,  and  it  hardly  needs  a  calculation  of 
maximum  fiber  stress  to  show  how  great  is  the  effect  of  the  small 
additions  neiir  to  the  ultimate  load  of  32  000  lbs. 

The  value  of  /assumed  =s  10  ins.^  =  a  r\  and  nearly  corresponds 
to  a  rectangular  solid  section  3.307  ins.  square,  with  area  nearly  10.94 
sq.  ins.,  and  least  radius  of  gyration  =  0.955  in.  nearly,  so  that  the 

*•      ^         300       ^,. 
ratio  —  =  — ^^  =  314. 
r       0.956 


The  maximum  compressive  fiber  stress 

P      P  (0.001  +  J)  X  1.6535 


_P{e  +  J)c 


ar""        '    a  10 

from  which  we  have,  when 

p  =  A  -f-  e  = 

31990 8.8398... 

31992 4.7998... 

31994 6. 

31996 9.6 

32  000 oc 


+ 


10.94  sq.  ins. 


Plbs.  per  square  inch  : 

23  200 

28  300 

37  000 

53  600 

« 
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A  most  interesting  feature  of  these  figures  for  maximnm  fiber  stress 
is  the  theoretic  assurance  which  they  give  as  to  the  capacity  of  long 
columns  to  resist  fatigue,  even  when  loaded  nearly  up  to  the  crippling 
point;  and  if  the  material  of  the  column  dealt  with  in  the  example  be 
assumed  to  have  a  compressiye  elastic  limit  of,  say,  40  000  lbs.  per  square 
inch,  it  will  be  seen  that  the  column  would  be  quite  uninjured  by  an 
infinite  number  of  loadings  within  10  lbs.  of  its  ultimate  supporting 
power.  This,  of  course,  would  only  hold  good  if  the  load  were  imposed 
without  the  slightest  dynamic  effect,  or  impact. 

This  completes  the  investigation  of  what  may  be  termed  <*the 

elementary  column,"  of  which,  columns  with  fixed  ends,  flat  ends  and 

pin  ends,  may  be  considered  as  merely  modifications. 

(^ 
It  will  be  noticed  that  the  formulas  in  each  case  include  a  term  — 

r 

dependent  on  the  form  of  column  section,  and  the  writer  at  one  time 
hoped  to  find  practical  verification  of  the  infiuence  of  form  of  section 
in  the  published  results  of  experiments,  but  the  infiuence  of  other 
factors  is  too  g^eat  and  the  number  of  tests  on  any  one  form  of  section 
is  too  small  to  enable  this  to  be  done  as  yet. 

Again,  the  number  of  experiments  carried  out  with  a  value  of 
eccentricity  sufliciently  great  to  make  it  a  paramount  factor  is  very 
small,  and  in  the  great  mass  of  tests  hitherto  made,  the  endeavor  has 
been  to  impose  the  load  *' centrally  ";  we  must,  therefore,  substitute 
e  (see  page  333)  for  e  in  the  formulas  when  applying 
them  to  experiments  under  presumably  central  loads. 
Under  these  circumstances,  it  appears  justifiable,  in 
our  present  state  of  knowledge,  to  consider  the  factor 

— g-  as  a  constant,  of  which  the  value  for  centrally 

loaded  columns  must  be  determined  from  available 
experimental  records. 

Attention  will  be  given,  next,  to  the  fixed-ended  eit: 
column  shown  in  Fig.  7,  the  section  being  assumed 
to  be  uniform,  as  before.  When  under  load  the 
column  W  TT.will  bend  in  a  double  reverse  curve  similar  to  that 
shown  in  the  figure,  and  the  central  portion  of  the  column  H  H  will 
behave  similarly  to,  and  be  subject  to,  the  same  laws  as  a  free-ended 
column.  The  question  to  be  solved,  in  the  first  place,  is  as  to  the 
proportion  of  the  total  length  of  a  fixed-ended  column,  which  will  act 


Fio.  7. 
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as  a  free-ended  column.     This  proportion  is  frequently  stated  to  be 
one-half,  without  any  reasons  being  stated. 

In  determining  this  it  is  conyenient  to  consider  one-half  of  the 
column  only  (since  the  other  will  necessarily  behave  in  a  precisely 
similar  manner)  as  shown  in  Fig.  8,  to  a  larger 
scale. 

Beferring  again  to  Fig.  3  and  its  descriptive 
context  it  was  shown  that 

Max 


8  = 


EI 


and  therefore  —  =  -p-j.  =  the  tangent  of  the 

angle  of  slope  set  up  at  the  end  of  the  length  x 
by  the  stresses  in  the  portion  s  of  the  canti- 
lever considered;  and  as  this  angle  of  slope  is 
in  practice  exceedingly  small,  its  tangent  will 
practically  represent  the  angle  in  circular  measure  with  all  necessary 
accuracy,  and  the  sum  of  all  the  exceedingly  small  angles  of  slope, 
for  the  full  length  of  the  cantilever,  will  then  be 


Fio.  8. 


=  2^^ 


X  EI 

or  the  angle  of  slope  at  the  extreme  end  of  the  cantilever  is  propor- 
tional to  the  area  of  the  curve  of  bending  moments. 

As  before,  this  reasoning  and  its  results  apply  equally  well  to  the 
bent  column. 

In  Fig.  8  the  tangent  MNio  the  curve  of  the  bent  column  at  the 
point  of  contrary  flexure  fl'is  common  to  both  portions  of  the  curve, 
and  the  slope  of  each  portion  is,  therefore,  the  same  at  this  point, 
since  the  tangents  at  W  and  V  remain  vertical  and  parallel  to  each 
other,  in  consequence  of  the  fixity  of  the  end  TTand  the  symmetry  of 
the  whole  column  around  the  point  V.  The  area  of  the  bending 
moment  diagram  G  H  TFmust,  therefore,  be  equal  to  the  area  of  the 
bending  moment  diagram  K  H  V.  Further,  as  the  column  section  is 
assumed  to  be  uniform,  and  there  is  no  bending  moment  at  the  point 
H,  where  the  two  portions  TT  5^  and  5^  F  react  upon  each  other  in 
simple  compression  and  shear,  the  curvature  of  the  two  portions  at 
corresponding  points  on  either  side  of  /Tmust  evidently  be  identical, 
inasmuch  as  both  are  of  the  same  section,  subject  to  the  same  forces 
and  subject  to  the  same  laws  of  flexure. 
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From  these  conditions  of  equal  cnrvature  and  eqnal  area  of  bending 
moment  diagram,  it  results  that  the  length  O  H  must  be  equal  to  the 
length  K  H,  and  each  of  them  will,  therefore,  be  one-fourth  of  the 
total  length  of  the  column.  Also  the  portion  W  G  oi  the  totifid  deflec- 
tion must  eiqual  the  portion  K  V,  and  the  bending  moment  at  the  fixed 
ends  WwiU  equal  the  bending  moment  at  the  center  F. 

It  is  thus  determined  that  the  length  of  H  H,  Fig.  7,  acting  as  a 
free-ended  column,  is  one-half  the  total  length  L  of  the  fixed-ended 
column,  or,  in  other  words,  a  fixed-ended  column  carrying  a  given 
load  is  twice  the  length  of  a  free-ended  column  of  the  same  section  and 
having  similar  stresses. 

This  result  is  based  on  assumptions  of  perfect  straightness  before 
bending,  perfectly  homogeneous  material,  and  perfect  fixity  of  ends. 
In  practical  work  some  divergence  will  undoubtedly  occur,  which  wiU 
require  to  be  allowed  for  by  an  assumed  equivalent  eccentricity  of  load- 
ing, as  in  the  case  of  the  simple  free-ended  column  already  dealt  with, 
and  we  therefore  have,  for  the  fixed -ended  column: 


.  ^  .  .  1  __  _   I  for  failure  by 

i?=2vL  ^   .  .    /c.       Al    /i  r«      compression, 


f  ^~^    •  rii._i+^"|  for  failure    by 

In  actual  practice  the  true  fixed-ended  column  rarely,  if  ever,  exists. 
It  is  difficult,  even  in  experiments  in  a  testing  machine,  to  comply  with 
the   conditions    necessary    to    ensure 
absolute  fixity  of  ends,  and  in  ordinary 
construction  the  diflBoulty  is  increased 
greatly. 

The  writer  has  found  that  the 
vaguest  ideas  are  sometimes  held  as 
to  what  is  required  to  realize  fixed  ends 
in  a  column.     A  consideration  of  simple  ^®'  ®- 

examples  will  probably  exhibit  this  matter  in  a  clearer  light. 

Assume,  in  the  first  instance,  that  we  have,  as  in  Fig.  9,  a  series 
of  stiflf  gantry  girders,  2  ft.  deep  by  10  ft.  span,  riveted  securely  to  the 
heads  of  columns  30  ft.  high,  firmly  braced  together  to  preserve  their 
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vertioality.     Assume,  also,  tkat  the  fonndation  blocks  on  Tirhich  the 
column  rests  are  very  rigid,  that  the  columns  have  large  well-bolted 

bases,  and  that  the  ratio  —  of  these  columns  is  very  large,  and  the 

columns  therefore  slender  in  proportion. 

Then  the  imposition  of  load  on  any  span  will  cause  deflection 
in  the  girder,  and  the  ends  of  the  girder  will  deviate  from  the 
vertical  to  a  slight  degree,  but  the  relative  stiffoess  of  the  girders 
themselves,  as  compared  with  the  column,  being  high,  the  approxima- 
tion to  ideal  fixity  of  ends  would,  practically  speaking,  be  of  a  high 
degree. 

In  the  second  instance.  Fig.  10,  let  the  columns  be  spaced  at  80  ft. 
centers,  retaining  the  same  depth 
of  girder,  2  ft.,  and  merely  increas- 
ing the  girder  sections  to  obtain 
the  same  value  of  working  unit 
stress,  while  increasing  the  radius 
of  gyration  of  the  columns  to 
provide  much  greater  stifEhess  of 
column.  Under  these  conditions, 
the  deflection  of  the  girder  under 
load,  and  consequently  the  slope  of  the  ends  of  the  girders  where  they 
are  securely  riveted  to  the  column  heads,  would  be  increased  largely^ 
and  the  columns  would  be  subjected  to  heavy  bending  stresses  in 
addition  to  their  direct  load.  These  columns  would  be  much  less 
heavily  stressed  if  they  had  pin- joint  connections  to  the  g^ders, 
and  the  apparent  fixity  of  end,  given  by  a  secure  riveted  connection, 
would  actually  be  accompanied  by  severely  prejudicial  secondary 
stresses. 

The  conclusion  derived  from  these  examples  is  that  in  practical 
work  the  degree  of  approximation  to  fixity  of  ends  depends  entirely 
on  the  relative  stiffness  of  the  column  and  the  other  members  of 
the  structure  attached  to  it;  and  the  estimation  of  this  degree  of 
fixity  demands  the  most  careful  consideration  on  the  part  of  the 
engineer. 

One  of  the  advantages  claimed  for  riveted  connections  in 
bridge  work  is  that  the  compression  members  are  thereby  made 
into  fixed-ended  columns,  and  can  be  accorded  higher  stresses  in 
consequence. 
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A  portion  of  a  riveted  main  girder  of  N~^7P®  ^  shown  in  Fig.  11, 
with  connections  of  web  members  for  two  panel  points,  and  the 
writer  would  ask  whether  the  top  boom  fixes 
the  ends  of  the  vertical  posts,  or  do  the  posts 
fix  the  ends  of  the  panel  lengths  in  the  top 
boom  (which  is  a  column  between  panel 
points),  or  are  we  to  rely  upon  the  stiffness  _      ^ . 

flO.  11. 

of  the  diagonal  tension  members  to  fix  both? 

The  last  can  hardly  be  considered  a  reasonable  assumption,  as  the 
most  heavily  loaded  portions  of  the  top  boom  are  at  the  center  of  the 
span,  where  also  the  lightest  diagonals  are  found,  and  as  regards  the 
posts  fixing  the  ends  of  the  panel  lengths  of  the  top  boom,  this  also  is 
out  of  the  question,  as  the  stiffness  of  the  posts  is  usually  small  as 
compared  with  the  stiffness  of  the  boom,  and  if  we  consider  the  top 
boom  as  fixing  the  ends  of  the  vertical  posts,  under  which  class  of 
columns  are  we  to  place  the  top  boom  panel  lengths?  They  could  not 
be  considered  as  fixed-ended,  and  as  they  would  have  to  perform 
the  additional  duty  of  fixing  the  vertical  post  ends,  they  could  not  1)6 
considered  to  be  as  favorably  circumstanced  as  a  round -ended  or  pivot- 
ended  column.  Here,  again,  we  have  to  give  consideration  to  relative 
stiffness  of  parts. 

It  is  common  knowledge  that  heavy  secondary  stresses  exist  in  the 
connections  of  various  members  in  a  riveted  structure,  but  it  is  not 
commonly  recognized  that  these  very  secondary  stresses  may  totally 
destroy  any  imaginary  fixity  of  ends  in  the  compression  members,  and 
actually  place  the  members  under  worse  conditions  of  stress  than  if 
pivoted  end-bearings  were  adopted. 

The  writer  is  neither  seeking  to  depreciate  the  practical  value  of  the 
riveted  connections  nor  to  advocate  either  pin  or  pivoted  end  connec- 
tions, but  only  wishes  to  point  out  the  erroneous  principles  on  which 
designs  are  frequently  based. 

As  far  as  the  writer  is  aware,  no  attempt  has  hitherto  been  made  to 
arrive  at  a  rational  basis  for  the  strength  of  fiat-ended  columns, 
although  the  greater  number  of  tests  of  columns  have  been  made  with 
this  class  of  end-bearing.  As  a  rule,  the  assumption  has  been  made 
that  they  act  in  precisely  the  same  manner  as  fixed-ended  columns, 
and  column  formulas  to  cover  both  in  one  expression  are  frequently 
given.     This  is  quite  erroneous,  both  from  a  theoretical  point  of  view. 
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and  from  the  evidence  of  actual  experiments.  With  flat  ends,  no  tensile 
stress  can  be  developed  at  the  ends,  and  with  fixed  ends  it  has  been 
shown  that  the  bending  moment  at  each  end  is  theoretically  equal  to 
that  at  the  center  of  the  column. 

It  is  clear,  then,  that  so  long  as  no  tensile  stress  is  set  up  in  a 
column  with  flat  ends,  it  will  behave  as  a  fixed-ended  column,  that  is, 
up  to  the  point  of  loading  at  which  the  stress  in  the 
<;olumn  at  its  ends  and  center  is  as  shown  in  Fig.  12, 
i^hen  a  small  increase  of  load  on  the  column  will  most 
probably  cause  failure. 

If,  then,  we  use  the  formula  for  minimum  stress 
F^y  and  make  F^  equal  to  zero,  we  obtain  the  value  of 
R  at  which  a  g^ven  value  otf^  will  produce  a  minimum 
stress  zero,  and  we  wiU  thus  determine  the  value  of 
R  corresponding  to  incipient  tensile  stress,  and  the 
formula  with  F^  inserted  as  of  zero  value,  will  give 
what  may  be  called  the  critical  value, 

R 


Fio.  18. 


fe+0 


(»-'  +  T^) 


=  2 


when  tension  is  incipi- 
ent in  flat-ended 
columns. 


(9) 


Here,  again,  it  is  necessary  to  determine  from  experimental  results 


what  value  must  be  given  to  the  factor  — -- , 


if  the  formula  is  to  be 


used  to  determine  ultimate  strength. 

It  may  be  urged  that  the  load  producing  incipient  tension  in  any 
given  flat- ended  column  may  not  be  the  ultimate  load;  but,  as  soon  as 
tension  is  attempted  to  be  set  up  at  the  ends  of  a  flat-ended  column, 
the  column  will  be  in  a  highly  unstable  condition,  and  the  ends  will 
begin  to  rotate  on  their  bearing  faces.  This  is  most  readily  seen  by 
considering  the  case  of  a  fixed-ended  column  in  which  tensile  stresses 
have  been  set  up  at  the  ends  and  center. 
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If  the  fibers  in  teasion  at  the  ends  were  cut  so  as  to  transform  the 
colamn  into  a  flat-ended  column  while  under  load,  we  would  naturally 
expect  the  column  to  alter  its  curvature  immediately,  and  largely 
increase  its  deflection,  with  the  result  that  it  would  probably  fail 
immediately,  or  with  a  comparatively  small  additional  load.  The 
substantial  truth  of  this,  in  practice,  is  most  clearly  evident  in  Mr. 
Christie's  exj}eriments,  as  will  appear  later. 

By  plotting  the  curves  for  the  two  conditions,  one  for  failure  by  maxi- 
mum compressive  stress,  and  the  other  for  the  critical  condition  of  in- 
cipient tension,  it  is  made  evident  that  with  any  given  section  of  column, 
up  to  a  certain  value  of  1?,  dependent  on  the  eccentricity  of  loading  and 
modulus  of  elasticity,  no  tension  can  be  set  up  in  the  column,  whatever 
the  load,  and  flat-ended  columns  below  this  limiting  proportion  behave 
in  every  sense  as  fixed-ended  columns,  while  beyond  this  point  the 
strength  will  fail  more  or  less  rapidly. 

The  writer  believes  that  the  value  of  the  difference  in  the  strength 
of  fixed  and  flat-ended  columns  is  here  dealt  with  in  a  rational  manner 
for  the  first  time. 

With  regard  to  pin-ended  columns,  it  is  quite  useless  to  theorize 
with  the  view  of  showing  their  superiority  to  round  or  pivot  ends, 
owing  to  the  fact  that  their  behavior  under  load,  even  in  a  testing 
machine,  depends  very  largely  on  the  closeness  of  the  fit  between  pin 
and  hole,  upon  the  smoothness  or  0therwise  of  the  bearing  surfaces, 
upon  the  diameter  of  the  pin  in  relation  to  the  radius  of  gyration,  and 
upon  the  presence,  either  accidental  or  premeditated,  of  a  lubricating 
medium. 

In  actual  practice,  the  vibration  in  a  railway  bridge,  caused  by  the 
passage  of  the  load,  and  the  movements  of  the  members  relatively  to 
each  other  under  the  common  variations  of  stress,  must  undoubtedly 
go  very  far  to  destroy  the  friction  upon  which  depends  the  superiority 
with  which  this  type  of  strut  is  often  credited  over  those  with  round 
ends. 

There  is  as  yet  no  satisfactory  and  conclusive  evidence  that  in  prac- 
tical work  the  pin-ended  column  can  fairly  be  credited  with  this  greater 
strength,  and  the  practice  of  imposing  higher  stresses  on  account  of  the 
pin  ends  is  open  to  grave  question. 

This  matter  may  be  viewed  from  another  standpoint,  that  of  the 
advantages  claimed  for  the  pin  joint  as  compared  with  the  riveted  con- 
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nection.  Among  these  so-called  adyantages  are  freedom  from  secondary 
stresses  and  greater  certainty  of  realizing  the  ideal  condition  of  central- 
ity  of  loading  on  the  varions  members. 

Any  additional  strength  accompanying  the  pin-bearing  type  of 
column  can  only  be  obtained  when  frictional  resistances  are  set  up  in 
the  bearing,  preventing  rotation,  and  thns  bringing  into  play  a  moment 
of  resistahce  to  bending  on  the  column  end,  and  this  moment  of 
resistance*  in  turn  can  only  be  developed  by  subjecting  the  other 
members  assembled  on  the  same  pin  to  secondary  bending  stresses  in 
order  to  realize  a  partial  fixity  of  column  ends. 

In  any  case,  the  additional  resistance  due  to  partial  fixity  of  ends  in 
the  pin-endeJ  column,  if  it  actually  exists  in  practical  constructiont 
must  be  obtained  at  the  expense  of  the  other  members  on  the  same  pin, 
and  is  largely  dependent  on  the  stiffness  of  those  members.  The  question 
may  fairly  be  raised  whether  or  not  it  would  be  consistent  practice  to 
make  an  allowance  for  the  secondary  stresses  in  these  other  members, 
if  we  rely  on  these  secondary  stresses  to  provide  the  column  with 
increased  resistance. 

COHFABIBON  OF  THB  FoRMUIjAS  WITH  THB  EXPERIMENTS. 

Deflection  Formula  {4)  for  Round'Ended  or  PivoUEnded  Columns, 

PP  e 


8^/  — tP/2* 

The  starting  point  for  the  whole  of  the  foregoing  theory  and  for- 
mulas was  the  development  of  this  expression  for  the  deflection  of  a 
column,  and  it  has  already  been  pointed  out  that,  in  practical  work, 
some  of  the  controlling  influences  cannot  be  made  subject  to  actual 
observation,  depending  as  they  do  on  internal  conditions  arising  from 
past  history,  accidental  errors  in  setting,  etc.,  etc. 

Nevertheless,  it  is  important  to  have  some  deflnite  knowledge  as 
to  whether  the  deflection  formula  bears  characteristic  features  having 
practical  agreement  with  the  results  of  actual  observations  in  experi- 
ments. 

In  order  to  make  a  comparison  it  was  necessary  to  make  numerous 
trial  calculations  with  different  estimates  of  the  values  of  those  factors 
which  are  primarily  unknown,  and  the  process  of  comparison  there- 
fore consisted  of  fitting  the  calculated  values  given  by  the  formula  to 
the  observed  deflections,  so  that  it  might  be  seen  whether  curves 
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plotted  with  loads  as  abscissas  and  deflections  as  ordinates  have  the 
Bame  character  by  calculation  aiid  observation. 

The  unknown  factors  for  which  the  values  have  had  to  be  estimated 
are  the  following: 

1.  The  modulus  of  elasticity E, 

2.  The  equivalent  eccentricity e, 

3.  Any  small  amount  of  initial  curvature  capable  of  observation,     F^ 
but  not  always  noted  in  records  of  test  and  making  the  total  de- 
viation of  the  column  from  a  straight  line  =  !>  =  ^  d:  F. 

It  was  found  that  the  influence  of  each  of  these  three  factors  is  so 
great  that  very  small  deviations  from  the  estimated  values  finally 
adopted  destroy  the  agreement  between  calculation  and  observation, 
and  as,  in  these  estimated  values,  we  are  already  dealing  with  very 
small  quantities,  it  is  to  be  noted  that  the  small  deviations  referred  to 
would  be  incapable  of  being  observed  in  any  ordinary  experiment. 

The  examples  selected  for  purposes  of  comparison 
have  been  taken  from  the  tests  of  round-ended  columns 
of  Low  Moor,  No.  3  cast  iron,  made  by  Mr.  Eaton 
Hodgkinson,*  and  from  these  tests  of  round-ended 
wrought-iron  columns,  made  by  Mr.  James  Christie,  f 

These  examples  have  been  chosen  solely  on  account  of 
the  fullness  of  the  records  of  deflections.  In  each  case  the 
effective  column  length  has  been  taken  as  being  the  dis- 
tance between  the  centers  of  the  hemispherical  ends,  as 
shown  in  Fig.  13.    " — 


t 


Fig.  18. 


Examples  from  Hodgkinson's  Tests  of  Low  Moor,  No.  3  Cast  Iron. 

Test  No.  5,  of  Table  7.  J — Solid,  cylindrical,  hemispherical-ended 
column,  60.50  ins.  length  over  ends,  0.99  in.  diameter,  say  59.50  ins. 
effective  length. 

/=  moment  of  inertia  of  section  =  0.472  in.* 

'  J&  =  14  500  000  lbs.,  modulus  of  elasticity; 
e  =  0.055  in.,  equivalent  eccentricity  of  loading; 
F  =  -}-  0.07  in. ,  probable  initial  curvatui^e  escap- 
ing observation. 

*  Recorded  in  the  FhilosophiccU  Transactions  of  the  Royal  Society  of  London,  for 


Estimated  values: 


1840. 


t  Transactional  Am.  Soc.  C.  E.,  Vol.  xlil. 

X  Philosophical  Transactions,  Royal  Society,  London,  1840. 
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P=load, 
in  pounds. 

616.. 

665.. 

991.. 

1183.. 

1  471.. 

1  615. . 

int.  load 

.  1663.. 
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(A        -f     F)    =  D  caloulatod.  Dobserred. 

Inches.       Indies.        Inches.  Inches. 

0.0253  +  0.07  =  0.0963 0.05 

0.0360  +  0.07  =  0.1060 0.10 

0.0756  +  0.07  =  0.1456 0.14 

0.1160  +  0.07  =  0.1860 0.19 

0.2525  +  0.07  =  0.3225 0.32 

0.4425  +  0.07  =  0.6125 0.52 

0.5690  +  0.07  =  0.6390 a  failed. 

Test  No,  20,  qf  Table  /.—Solid,  cylindrical,  hemispherical-ended 

column,  60.60  ins.  length  oyer  all,  1.97  ins.  diameter,  say  68.60  ins. 

effective  length. 

7=0.74  in.* 

Estimated  values:  J&==  13  600  000  lbs.,  c  =  0.0675  Id.,  F=:  0. 

P  -  load,  (A      +      F)     =  Z>  calculated.  D  observed. 

In  pounds.       Inches.      Inches.  Inches.  Inches. 

3  356.... 0.0109  4-  0  =0.0109 bent. 

7  386. ..  .0.0287  4-  0  =0.0287 0.02 

12  970....  0.0686+  0  =  0.06S6 0.07 

19  943....  0.1943+  0  =0.1943 0.20 

21  035. . .  .0.2360  +  0  =  0.2360 0.23 

22  127. . .  .0.2800  +  0  =  0.2800 0.28 

23  219.... 0.3740+  0  =0.3740 0.37 

24  311.... 0.5000+  0  =0.5000 0.50  to  0.62 

24  857... -.0.5940+  0  =0.5940 0.60 

Ult.  load.  25  403. . .  .0.7230  +    0    =  0.7230 ft    failed. 

(26  000)....  0.9350+    0    —0.9350. 

Test  No,  i,  of  Table  VIII. — Hollow,  cylindrical,  hemispherical- 
ended  column  (Fig.  14),  90.75  ins.  length  over  all,  1.78  ins.  external 
diameter,  1.21  ins.  internal  diameter,  say  89  ins.  effective  ^ngth. 

Core    center  0.19  in.  out  of  center 
of  external  circle  of  column  (ascertained  ,  /^'^"^ 

after    fracture).      Center   of   area   0.09      %^\    \  \]  «"T"«ir"«cc«u 
in.  out  of  center  of  external  circle  of  ^^laa*^ 

column.  Fio.  14. 

7=0.367  in.* 

Estimated  values:  J&=  15  000  000  lbs.,  c  =  0.11  in.,  F=  —  0.03 in. 
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P  BB  load,  (A      —    ^      =  D  calculated.       D  obaenred. 

in  pounds.        Incnee.      Inches.        Inches.  Inches. 

2  237....  0.06«55  — 0.03  =  0.03655 0.03 

2  813....  0.09933  —  0.03  =  0.06933 0.07 

3  317....  0.18050  —  0.03  =  0.10050 0.11 

3821....  0.17700  —  0.03  =  0.14700 0.16 

4  325....  0.24330  —  0.03  =  0.21330 0.20 

4829....  0.34600  — 0.03  »  0.31600 0  32 

5  333....  0.52500  —  0.03  =  0.49500 0.49 

Maximum.  5  585. . . .  0.67760  —  0.03  =  0. 64760 . . . .  ( not      obeefved; 

^  oommn  not  al- 
(6  000).. . .  1.17700  -  0.08  =  1.14700. . . .  )  lowed  to  break. 


Test  No.  5,  of  Table  VIIL — ^Hollow,  cjlindrioal,  hemiBpherical- 
ended  column  (Fig.  15),  90.75  ins.  length  oyer  all,  2.23 ins.  external 
diameter,  1.53  ins.  internal  diameter,  therefore,  say  88.52  ins.  eflfectiye 
length. 

Gore  center  was  0.135    in.    out    of 
center   of    external    circle    of    column     cJivC^ 
(ascertained  after    fracture).     Th^efore    <^'\^^~}/lfe/^»»-^ 
center  of  area  was  0 .  12  in.  out  of  center 
of  external  circle. 

7=0.8863  in.* 

Estimated  values:  ^  =  14  500  000  lbs. ,  e  »  0.175  in.,  F=  —0.025 in. 

Psload,  {^      —      V)       =  D  calculated.      D  observed, 

in  pounds.        Inches.        Inches.  Inches.  Inches. 

2  237....  0.0347  — 0.025=  0.0097 0.04 

4  325....  0.0796  — 0.025=  0.0546 0.06 

6  341. . . .  0.1415  —  0.025  =  0.1165 0.12 

8  357. . . .  0.2375  —  0.025  =  0.2125 0.22 

9  365....  0.3085  — 0.025=  0.2835 0.28 

10  373....  0.4040  — 0.025=  0.3790 0.37 

11381....  0.5475  — 0.025=  0.5225 0.55 

12  137. . . .  0.7080  —  0.025  =  0.6830 0.69 

Maximum.  12  389. .. .  0.7525  —  0.025  =  0.7275. . . .  (  not    observed  ; 

-<  column  not  al- 
(13  000)..  ..(0.9950)-  0.025=  (0.9700). , .  \  lo^^ed  to  break. 

Test  No,  15,  of  Table  F///.— Hollow,  cylindrical,  hemispherical- 
ended  column  (Fig.  16),  90.75  ins.  length  over  all,  3.36  ins.  external 
diameter,  2.61  ins.  internal  diameter,  say  87. 39 ins.  effective  length  =  I 


Digitized 


byGoogk 


Papers.]  MONOBIBFF  ON  THE   PBAOTIGAL  COLUMN.  349 

Core  center,  after  fractnre,  found  to 

be  0.067  in.   out  of  center  of  external        _        

circle  of  column.     Therefore,   center  of       "*~  ~ 

area  was  0.105  in.  out  of  center  of  ex- 
ternal circle.  *^**  **• 

/=  8. 915  ins.* 

EBtimated  values:  -&  =  12  000  000  lbs.,  £  =  0.16  in.,  F=  +0.035 in, 

P  =  load,  (-^      +       V)     =  D  calculated.       D  obserred* 

in  pounds.       Incnes.        Inches.       Inches.  Inches. 

3  355. . .  .0.0166  +  0.035  =  0.0466 bent. 

16  115. . .  .0.0727  +  0.035  =  0.1077 0.09 

18  667. . .  .0.0895  +  0.035  =  0.1245 0.13 

21  729. . .  .0.1128  +  0.035  =  0.1478 0.15 

24  148.... 0.1341  +0.035  =  0.1691 0.17 

28  986. . .  .0.1872  +  0.035  =  0.2222 0.24 

33  824. . .  .0.2625  +  0.035  =  0.2975 0.80 

37  701. . . . 0,3445  +  0.035  =  0.3795 0.38 

41  632. . .  .0.4680  +  0.035  =  0.5030 0.48 

43  597. . .  .0.5550  +  0.035  =  0.5900 0.69 

45  563. . .  .0.6650  +  0.035  =  0.7000 0.67 

47  528. . .  .0.8175  +  0.035  =  0.8525 0.87 

48  511 . . .  .0.9140  +  0.035  =  0.9490 0.90 

49  494. . .  .1 .0320  +  0.035  =  1.0670 1.07 

Ult.  load.  50  477. . .  .1.1750  +?0.035  =  1 .2100 a 

Test  No.  7,  of  Table  ///.—-Solid,  rectangular  pillar  with  hemi- 
spherical ends,  60.5  ins.  length  over  all,  1.54  x  1.56  ins.  nearly  square, 
say  59  ins.,  effective  length  =  /. 

/=  0.475  in.* 

Estimated  values :  -&  =  13  250  000  lbs. ,  e  =  0.06  in.,  F=s  —  0.015  in. 

Psload,  (A  —         F)   =  D  calculated.        Dobaerred. 

in  pounds.  Inches.       Inches.  Inches.  Inches. 

2  141 0.010  —  0.015  =  —  0.006 column  bent. 

4  465 0.025  —  0.015  =  +  0.010 0.015 

6  481 0.048  — 0.015  =  +0.028 0.02 

11  169 0.130  — 0.015  =  +0.115 0.11 

13  565 0.257  —  0.015=       0.242 0.23 

14  461 0.360  —  0.015=       0.345 0.35 

14  9J9 0.438  —  0.015  =       0.423 0.44 

15  357 0.552  —  0.015  =       0.537 0.52 

Ult.  load.  15  581 0.632  —  0.015=       0.617 a 
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Examples  from  Christie's  Tests  of  Wrougbt-Iron  Stmts  with  Hemi- 
spherical Ends.* 

Teat  No.  204,^J-hax;  1  in.  x  1  in.  x  87.25  ins.  length  over  all,  1-in. 
balls  and  plates,  86.25  ins.  effective  length  =  /. 

/(least)  =  a  r'=  0.3  sq.  in.  X  (0.26)'. 

Estimated  values:    jE?=  23  500  000  lbs.,  e  =  0.0525  in.,  V  =  + 
0.025  in. 

P  =  load,         (A       -f       F)      =  D  calculated.  D  observed, 

in  pounds.     Inches.        Inches.  Inches.  Inches. 

100. . .  .0.0122  +  0.025  =  0.0372 0.05 

200.... 0. 0304  +  0.025  =  0.0554 0.05 

300.... 0.0602  +  0.025  =  0.0852 0.08 

400.... 0.1178  +  0.025  =  0.1428 0.15 

500.... 0.2760  +  0.025  =  0  3010 0.30 

Ult.  load.  550.... 0.5410  +  0.025  =  0.5660 <x 

Ihst  No.  2^5.— T-har;  3   ins.  x  3  ins.  X  82.0625  ins.  length  over 
all,  2-in.  balls  and  plates,  80  0625  ins.,  effective  length. 

I:=.ar^  =  2.53  sq.  ins.  x  (0.62)'  =  0.9725  in.* 

Estimated  values:  JET  =  25  000  000  lbs.,  f  =  0.02  in.,  F=  0.035  in. 

P=load,  (A       +      D        =  D  calculated.  D  observed, 

in  pounds.       Inches.       Inches.  Inches.  Inches. 

500. . .  .0.0003  +  0.035  =  0.0353 0.03 

6  000. . .  .0.0038  +  0.035  =  0.0388 0.04 

10  000. . .  .0.0091  +  0.035  =  0.0441 0.05 

16  000. . .  .0.0168  +  0.035  =  0.0518 0.06 

•     20  000. . .  .0.0293  +  0.035  =  0.0643 0.06 

25  000. . .  .0.0526  +  0.035  =  0.0876 0.09 

30  000.... 0.1122  +  0.035  =  0.1472 0.15 

34  000. . .  .0.3380  +  0.035  =  0.3730 (not   recorded; 

Ult.  load.  34  110. . .  .0.3560  +  0.035  =  0.3910 I  column  failed. 
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Test  No,  2(?tf.— T-bar;  2}  ins.  X  2J  ing.  x  82.375  ins.  long  over  all, 
2-in.  ballB  and  plates,  80.375  ins.  effective  length. 

/=  a  r^  =  1.73  sq.  ins.  x  (0.55)'  =  0.523325  in.* 

Estimated  values:  ^  =  82  000  000  lbs.,  e  =  0.035  in.,  F=  +  0.05  in. 

P  =  load,  (A        +       D      =  D  calculated.    D  observed, 

in  pounds.  Inches.  Inches.  Inches.  Inches.  ' 

500  ..  0.00086+  0.05  =  0.0508 0.03 

3  000  ...0.0058    +  0.05  =  0.0558 0.05 

6  000.... 0.0133    +  0.05  =  0.0633 0.06 

9  000.... 0.0238    +  0.05  =  0.0738 0.07 

12  000.... 0.0392    +  0.05  =  0.0892 0.10 

15  000.... 0.0636    +  0.05  =  0.1136 0.12 

18  000.... 0.1097    +  0.05  =  0.1597 0.16 

20  000.... 0.1718    +   0.05  =  0.2218 0.22 

21  000....  0.2270    +  0.05  =  0.2270 0.30 

XJlt.  21  500.... 0.2660    +  0.05  =  0.3160 oc  failed. 

(22  000).. .(0.3200    +  0.05)  =  (0.3700) 

(23  000)...  (0.5120    +  0.05)  =  (0.5620) 

Test  No.  2^5.— T-bar;  IJins.  X  IJ  ins.  x  81.1875  ins.  long  over  all, 
on  1-in.  balls  and  plates,  therefore,  effective  length  =  80.1875  ins. 

I=^ar^=^  0.53  sq.  in.  X  (0.32)'  =  0.054272  in.*. 

Estimated  values:  ^  =  30  000  000  lbs.,  e  =  0.05  in.,  F=  0.08  in. 

P  =  load,  (A         -f       F)      =  D  calculated.    D  observed, 

in  pounds.  Inches.  Inches.  Inches.  Inches. 

200.... 0.00538   +  0.03  =  0.0354 0.02 

600.... 0.01965  +  0.03  =   0.0497......  0.05 

800.... 0.29380  +  0.03  =  0.0594 0.06 

1000.... 0.04188  +  0.03  =  0.0719 0.07 

1200.... 0.05840  +  0.03  =  0.0884 0.09 

1400.    ..0.08135  +  0.03  =  0.1114 0.12 

1600.... 0.11525  +  0.03  =  0.1453 0.15 

1800.... 0.17100  +  0.03  =  0.2010 0.20 

2  000.... 0.27750  +  0.03  =  0.3075......  0.80 

XJlt.  2  200.... 0.51600  +  0.03  =  0.5460 a  failed. 

(2  250)...  (0.74000  +  0.03)  =  (0.7700) 

(2  300)...  (1.04200  +  0.03)  =  (1.0720) 
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Test  No.  211.— J'hax;  2  ins.  X  2  infl.  x  63.1875  ins.  long  over  all,  on 

1-in.  balls  and  plates,  therefore,  effective  length  «=  62.1875  ins. 

/=  ar^  =  (0.95  sq.  in.)  X  (0.43)'  =  0.175655  in.* 

Estimated  values:  ^  =  27  000  000  lbs.,  e  =  0.10  in.,  V=^  0.02  in. 

P  =  load,  (A         -\-      V)      =  D  calculated.  D  obeerved. 

in  pounds.     Inches.        Inches.  Inches.  Inches. 

500....0.00533  + 0.02  =  0.0253 0.03 

2  000.... 0.02455 +  0.02  =  0.0446 0.05 

3  000...  0.04110+0.02  =  0  0611 0.06 

4  000. . .  .0.06175  +  0.02  =  0.0818 0.08 

5000... .0  08860  +  0  02  =  0.1086 0.10 

6 000.... 0.12460  +  0  02  =  0.1446 0.15 

7  000....0.17600  + 0.02  =  0.1960 0.20 

8  000. . .  .0.25450  +  0.02  =  0.2745 0.27 

9  000....0.38900  + 0.02  =  0.4090 0.40 

9  500  . .  .0.50100  +  0.02  =  0.5210 not  recorded. 

Ult.  load.  9  510.... 0.50400 +  0.02  =  0.5240 oc  failed. 

9  550.... 0.51600 +  0.02  =  0.5360 

Test  No.  217. — T-^*r;  ^^'  X  1  in.  x  45 J  ins.,  long  over  all,  on  1-in, 
balls  and  plates,  therefore,  effective  length  =  44.25  ins. 

I=aT^  =  0.3  sq.  in.  X  (0.26)*  =  0.02028  in.* 

Estimated  values:  E=  18  500  000  lbs.,  c  =  0.037  in.,  F=  0.008  in. 

P=load,  (A        -\-     V)     =  D  calculated.  Dobserred. 

in  pounds.     Inches.        Inches.  Inches.  Inches. 

100. . .  .0.0025  +  0.008  =  0.0106 0.01 

400...  0.0123  +  0.008  =  0.0203 0.02 

600. . .  .0.0215  +  0.008  =  0.0295 0.03 

800. . .  .0.0342  +  0  008  =  0.0422 0  04 

1  000. . .  .0.0533  +  0.008  =  0.0613 0.06 

1200.... 0.0832 +0.008  =  0  0912 0.10 

1400.... 0.1415 +  0.008  =  0.1495 0  15 

1600....0.2968  + 0.008  =  0.3048 0.29 

1  700. . .  .0.5410  +  0.008  =  0.5490 0  55 

Ult.  load.  1  750. . .  .0.8675  +  0.008  =  0.8755 oc  faUed. 

1  800. . .  .2.0250  +  0.008  =  2.0330 

With  regard  to  the  value  of  the  modulus  of  elasticity  E,  as  esti- 
mated for  the  foregoing  comparative  examples,  it  may  be  mentioned 
that  Mr.  Hodgkinson  found  from  transverse  bending  tests  of  the  Low 
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Moor  No.  3  cast  iron,  that  E  ranged  from  13  585  530  to  14  251  950  Ibs.^ 
and  Mr.  James  Christie*  found  from  bending  tests  of  the  wrought  iron 
upon  which  he  experimented,  that  E  ranged  from  19  164  000  to 
33  631  000  lbs. 

The  yalue  of  E,  as  found  by  bending  tests,  is  necessarily  that  to 
which  we  must  refer  in  dealing  with  column  strength  and  stiffness,  as 
the  modulus  of  elasticity  only  enters  into  the  column  formula  on 
account  of  the  bending  moments  exerted  on  the  column,  and  not  at  all 
in  connection  with  direct  compressive  stresses. 

It  may  be  noted  here  that  the  value  of  E  obtained  from  the  trans- 
verse bending  tests  on  ordinary  cold-straightened  wrought-iron  or 
steel  bars  will  depend  upon  the  position  of  the  points  at  which  the 
straightening  press  has  been  applied.  If  the  straightening  is  done 
near  the  center  of  the  span,  the  value  of  E  may  reasonably  be 
expected  to  come  out  veiy  low,  while  the  influence  of  any  straighten- 
ing done  near  the  ends  of  the  bars  will  have  comparatively  little 
influence  on  the  results  obtained. 

In  direct  tensile  tests  the  position  of  the  points  of  straightening 
will  have  no  influence  on  the  results,  which  will  only  be  affected  by 
the  amount  of  straightening  to  which  the  bar  has  been  subjected. 
Thifl  will  explain  the  much  greater  uniformity  in  the  results  obtained 
by  direct  tension,  as  compared  with  those  obtained  by  transverse 
bending  tests,  and  also  with  those  obtained  from  compression  tests 
where  the  slightest  latitude  is  given  for  the  specimen  to  act  as  a 
column,  and  where  the  material  has  had  to  be  cold-straightened,  f 

Gbnebal  FobmuiiAS  fob  the  BeiiAtion   of  CoiiUUN  Pbopobtions  to 

COLTTMN  StBBNOTH. 

Bound  or  pivoted  ends — 


B  =  i_    I  «g  r-F.  „-i 


Formula  (7)  i?  = 

"^5  F,  + 

for  failure  by  compressive  stress. 


or(8)B=  -L=  J ^ -r^l-l  +  --| 


for  failure  by  tensile  stress. 


*  **  The  Strencrth  and  Elasticity  of  Structural  Steel,"  Transactions^  Am.  Soc.  C.  E., 

t  See  results  of  Mr.  Christie's  tests  in* 'The  Strength  and  Elasticity  of  Structural 
Steel,"  TrantactUyM^  Am.  Soc.  C.  E.,  Vol.  xiii 
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Fixed  ends R  =  twice  the  values  given  by  Formnlas  (7)  and  (8). 

Flat  ends i?  =  same  as    fixed    ends,   keeping   in  view  that  in 

Formula  (8)  F^  is  to  be  made  zero,  resulting  in 

Formula  (9). 
Hinged  or  i  j  in  upper  limits,  same  as  for  fixed  ends. 

Pin  ends.  )  "  (in  lower  limits,  same  as  for  round  ends. 

Attention  must  here  be  drawn  to  the  fact  that  Formulas  (7)  and  (8)^ 
ftre  not  actually  two  different  formulas,  but  are  only  simple  algebraic 
transformations  of  one  and  the  same  general  formula  (6),  referred  to 
the  two  conditions  of  failure  by  compressive  stress  and  by  tensile 
stress,  the  only  other  modifications  necessary  for  their  application  to 
any  of  the  types  of  column  previously  given  being  due  to  the  con- 
ditions of  end  fixing  as  determining  the  relative  length  of  columns 
of  the  same  strengt  h,  but  with  different  end  conditions. 

It  will  be  noticed  that  there  are  three  factors  in  the  formulas  to 
which  it  is  necessary  to  assign  values,  and  these  are: 

(1)  The  value  of  E  =  modulus  of  elasticity; 

(2)  The  value  of  F^  or  F^  =  the  maximum  fiber  stress; 

(3)  The  value  of  ^. 

Careful  study  of  the  great  variations  shown  in  actual  tests,  and  of 
the  comparisons  made  between  actual  and  calculated  deflections, 
apparentjiir  indicate  very  great  difficulty  in  assigning  any  fixed  values 
for  these  quantities  for  general  application,  but  it  must  be  remembered,^ 
that  it  is  not  practically  possible  to  predict  the  precise  strength  of  any 
given  column,  and  that  being  so,  it  only  remains  to  endeavor  to  deter- 
mine the  limits  between  which  we  may  expect  the  column  strength  to 
lie.  With  this  in  view,  using  approximately  normal  values  of  ^  as 
obtained  by  tests  in  direct  tension  or  compression,  assigning  values  to 
Fc  approximately  as  shown  by  the  higher  tests  of  short  columns,  and 
to  -Fj  as  given  by  direct  tests  of  tensile  strength,  the  writer  has  found 
that  the  lower  limit  of  column  strength  is  given  fairly  by  the  formulas 

when—,  =0.6;  and  it  also  appears  that  the  upper  limit  given  by  the 
r 

formulas,  when  — ;  =  0. 16  is  rarely  exceeded. 

These  values  are  applicable  alike  to  cast  iron,  wrought  iron,  mild 
steel,  hard  steel,  and  several  kinds  of  timber,  as  will  be  seen  on  refer- 
ence to  the  various  diagrams  of  column  tests  appended. 
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It  is  iBterestiBg  to  note  that  in  the  case  of  solid,  round  columns, 
the  value  -^  =  0.6  for  lower  limit  strength  corresponds  to  an  equiv- 
alent eccentricity  of  (0.3  X  radius  of  gyration),  and  applying  this  to  a 
bar  of  1  in.  diameter,  where  c  =0.5  in.,  and  r  =  0.26  in.,  the  value  of  e 
would  only  be  (0.3  X  0.25  in.)  ==  0.075  in. 

Of  this  amount  the  possible  errors  in  setting  the  test  specimen  may 
be  only  a  small  part,  and  if  we  assume  that  initial  external  curvature 
of  bar,  irregularities  in  the  line  of  physical  axis,  and  the  effects  of  cold- 
straightening  account  for  say  60%  of  the  total  value  of  f,  the  remain- 
ing ^%9  or  0.03  in.,  would  be  the  extreme  permissible  amount  of  error 
in  setting  the  specimen,  and  it  becomes  apparent  how  important  such 
small  errors  are  in  experiments  on  columns,  and  how  very  carefully  the 
testing  must  be  carried  out  in  order  to  develop  even  the  lower  limit 
strength  shown  by  the  accompanying  diagrams. 

This  also  impresses  the  mind  with  the  danger  of  generalizing  from 
the  results  of  any  single  series  of  tests  where  the  number  of  tests  is  not 
very  large. 

Strictly  speaking,  the  theory  and  resulting  formulas  of  this  paper 
apply  only  when  the  loads  are  such  as  will  not  stress  the  material  of  the 
column  beyond  the  elastic  limit,  a  condition  which  applies  equally  to 
the  common  theory  of  flexure  of  solid  beams  under  simple  bending. 
This,  however,  forms  no  bar  to  the  extension  of  the  application  of  the 
formula  for  elastic  beam  strength  to  cases  of  ultimate  strength  where 
the  elastic  limit  is  exceeded,  provided  proper  recognition  is  given  to  the 
fact  that  the  ultimate  maximum  fiber  stresses  apparently  developed  are 
not  true  values  of  tensile  or  compressive  strength,  but  are  always  much 
higher  than  obtained  from  tests  under  direct  stress.  The  reasons  for 
this  are  now  well  known  and  need  not  be  dealt  with  here. 

There  is,  therefore,  considerable  justification  for  the  application  of 
the  column  formulas  to  a  comparison  with  experiments  on  ultimate 
strength,  which,  in  fact,  form  the  only  available  basis  of  reference  to 
which  the  engineer  can  appeal. 

Differences  of  opinion  exist  among  engineers  as  to  whether  columns 
should  be  designed  with  regard  to  the  ultimate  strength  or  with  regard 
to  the  maximum  fiber  stress  developed  by  the  working  load.  The 
former  is  by  far  the  more  common  practice,  owing  to  the  existing  state 
of  knowledge  as  to  the  principles  of  column  strength,  and  this  renders 
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it  necessary  for  any  theory  and  formulas,  proposed  for  nse  in  practice^ 
to  be  compared  with  available  experimental  evidence. 

In  the  writer's  view,  the  more  rational  method  is  to  design  colamns^ 
so  as  to  ensure  that  given  maximum  fiber  stresses  will  not  be  exceeded 
under  the  working  load,  while  at  the  same  time  taking  care  to  refer  to 
experimental  results,  in  order  to  see  that  a  sufficient  margin  is  provided 
against  failure  by  instability  in  the  longer  lengths. 

It  would  be  reasonable  to  expect  that  the  values  of  F^  and  F^^  being 
maxiifium  fiber  stresses,  would,  when  referred  to  tests  carried  to  ultimate 
failure,  partake  somewhat  of  the  nature  and  value  generally  accorded  to 
the  corresponding  maximum  apparent  fiber  stresses  determined  from 
tests  of  ultimate  transverse  strength  of  simple  solid  beams.  It  i» 
necessary,  however,  to  keep  in  view  that  it  is  hardly  possible  that  they 
can  have  such  high  apparent  values  as  in  beam  tests,  owing  to  the 
rapidly  accumulating  bending  moment  developed  in  columns  by  the  in- 
creasing deflection,  which  must  evidently  be  intensified  by  any  extra 
yielding  of  the  extreme  fibers  due  to  their  elastic  limit  being  exceeded,, 
and  thus  accelerating  the  deflection. 

In  the  case  of  beams,  of  course,  the  increase  in  deflection  accompany- 
ing an  increasing  load  has  no  influence  whatever  on  the  bending  moment. 

The  writer  has  not  found  it  necessary  for  "centrally"  loaded 
columns  of  wrought  iron,  mild  or  hard  steel,  and  timber,  to  deal  with 
the  condition  of  failure  by  tensile  stress,  excepting  as  regards  incipient 
tension  in  flat-ended  columns. 

The  maximum  compressive  stress  in  a  column  of  symmetrical  section 
always  has  a  greater  value  in  pounds  per  square  inch  than  the  maxi- 
mum tensile  stress,  and  the  difference  between  the  compressive  and 
tensile  strengths  must  be  considerable  before  tension  becomes  the  con- 
trolling influence.  This  is  the  case  with  high-class  cast  iron,  such  as 
was  used  by  Hodgkinson  in  his  tests  of  Low  Moor,  No.  8  iron,  and  the 
curves  for  failure  by  tension  are  therefore  plotted  on  the  diagrams 
showing  these  tests. 

In  order  to  discover,  if  possible,  any  special  features  accompanying 
any  particular  set  of  tests,  the  writer  has  assigned  a  separate  diagram 
to  the  principal  sets  of  experiments  where  the  number  and  range  of 
tests  were  sufficiently  great  to  justify  it,  and  where  this  was  not  the 
case,  the  individual  tests  have  been  given  distinguishing  symbols  to 
assist  in  arriving  at  a  correct  judgment. 
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120,000 


Hodgkint<m't  Test*  of  Round-Ended,  C*«rt-lron  PiflarSj 
all  Low  Moor,  No.  3  Iron. 

EVERY  TEST  18  SHOWN  ON   THE  DIAGRAM, 

EXCEPTINO     7   ROUND-ENDED,  WHICH  WERE  OF  VARYING  OIAMETER, 

3        fi  •*  II  "      LONGER  THAN  320  TJME8 

THEIR  RADIUS  OF  GYRATION, 

3  WHICH  WERE  PURPOSELY  LOADED  WITH  CONSIDERABLE 
ECCENTRICITY, 

e  WHICH  HAD  ONE  FLAT  AND  ONE  ROUND  EHD, 
NUMBER  OF  TESTS  ON   DIAGRAM, 

ROUND-ENDED,  6*  SOLID  CYLINDRICAL     • 
FROM  0.5*   DIAM. 
TO  2.2A' 
»i  II  7  SOLID  RECTANGULAR    X 

I  0.77'  BY  0.77" 
TO  1.84*  BY  1.8«' 
II         »»  It  HOLLOW  CYLINDRICAL     • 

FROM  t.74'  DIAM. ,  EXTERNAL, 

TO  3. 3e' DIAM.  ** 

1   SOLID  CRUCIFORM  **- 

8*«3*K  .48* 
1  SOUD  M8ECTI0N        H 

3%  2}i\.M* 

78   TOTAL. 
THE  MOD.  ELASTICITY,  *,  AS  OBTAINED  FROM  TRANSVERSE 
BENDING  TESTS,  WAS  13.58B,B30  LBS. 
TO  14,291,850  LBS. 
THE  TENSILE  STRENGTH   OF  TWO  CRUCIFORM  SPECIMENS 
WAS  18,840  LBS.  PER  SQUARE  INCH, 
IB, 220  LBS.   PER  SQUARE  INCH. 
THE  CURVES  OF  UPPER  AND  LOWER  UNITS  OF  STRENGTH 

ARE  CALCULATED  ON  THE  BASIS  OF 
£-14,000,000  LBS.   PER  SQUARE  INCH, 

#i-  ULTIMATE  CRUSHING  STRENGTH  -  I1B,000  LBS,   PER  SQUARE   INCK  9(1 
Jl- ULTIMATE  TENSILE  STRENGTH  »1B,000  LBS.   PER  SQUARE   INCH 
EFFECTIVE  LENGTH  OF  COLUMNS  TAKEN,  AS  BETWEEN  CENTERS  OF 
ROTATION,  DEDUCTING  THE  HEMISPHERICAL 
ENDS  FROM  THE  GROSS  LENGTH, 
VALUE  OF^FOR  LOWER  UMIT  18  TAKEN  AS- 0.6,  CORRESPONDING 
TO  ECCENTRICITY  OF  LOADING  OF  0.3  TIMES  THE  RADIUS  OF 
GYRATION  IN  THE  SOUD  CYLINDRICAL  COLUMNS, 
/rf- AVERAGE  DIRECT  COMPRESSIVE  LOAD  IN  POUNDS  PER  SQUARE  ^^^4 
FORMULAS  FOR  LOWER  LIMIT  COLUMNS. 

FOR  FAILURE  BY  COMPRESSION 


Fio.  17. 
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As  has  already  been  remarked,  the  writer  has  been  unable  to  obtain 
practical  verification  of  the  precise  influence  of  form  of  section  from 
existing  records  of  experiments.  To  demonstrate  this  influence  bj 
practical  evidence  it  would  be  necessary  to  make  a  large  number  of  new 

c        ' 
experiments  on  sections  having  widely  different  values  of ,  and  at 

the  same  time  to  impose  the  loads  with  a  comparatively  large  and  pre- 
determined value  of  eccentricity,  in  order  to  overshadow  the  relative 
influence  of  what  has  been  dealt  with  in  the  foregoing  pages  as 
**  equivalent  eccentricity." 

All  the  diagrams  of  column  tests  accompanying  this  paper  have  been 
made  self-explanatory  as  far  as  possible. 

They  are  as  follow: 

Cast  Iron. 

Fig.  17, — Representing  79  tests  of  round-ended  columns  of  Low 
Moor.  No.  3  cast  iron,  by  Mr.  Hodgkinson. 

The  tests  are  plotted  to  effective  lengths,  an  allowance  having  been 
made  for  the  rounding  of  the  ends  by  taking  them  as  hemispherical  of 
the  same  diameter  as  the  bars.  The  ends  were  not  actually  hemi- 
spherical in  every  case,  some  being  somewhat  more  pointed,  but  no 
error  of  importance  is  involved  in  the  assumption  made. 

Fig,  18,  Be  presenting  96  tests  of  flat-ended  and  disc-ended  columns 
of  Low  Moor,  No.  3  cast  iron,  by  Mr.  Hodgkinson. 

It  will  be  noticed  in  this  set  of  tests  on  flat-ended  columns,  that  the 
longer  columns,  from  a  ratio  of  80  upward,  do  not  show  so  low  a 
strength  as  is  indicated  by  the  lowermost  dotted  curve  for  incipient 
tension,  but  failure  at  this  critical  point  in  flat-ended  columns  is 
evidenced  so  strongly  in  the  case  of  tests  of  wrought  iron  and  steel 
that  the  higher  results  obtained  by  Hodgkinson  in  these  tests  on  cast 
iron  must  be  attributed  partly  to  his  extreme  care,  and  partly  to  the 
comparative  fewness  of  tests  of  each  length. 

These  two  sets  of  tests  have  been  abstracted  from  Mr.  Hodgkinson 's 
remarkably  careful  records.*  They  are  the  only  published  records  of 
tests  of  cast-iron  columns  made  in  a  consistent  and  scientific  manner 
on  one  grade  of  material  of  known  character.     The  values  of  load  per 

square  inch,  radius  of  gyration  and  ratio  — ,  have  been  calculated  by 

the  writer  from  Mr.  Hodgkinson 's  figures. 

*  PhUoBophioal  Transactions^  Royal  Society  of  London,  1840. 
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Fig,  19. — Representing  76  tests  of  cylindrical,  flat-ended  columns 
of  cast  iron  of  various  kinds,  by  Mr.  Hodgkinson.* 

One  test  by  Mr.  Gharnock,  at  Bradford  Technical  College,  England, 
•on  a  hollow  cast-iron  column,  with  flat  flanged  ends.f 

One  test  by  Professor  John  Goodman,  at  Yorkshire  College,  Leeds, 
England,  on  a  hollow  column  with  flanged  ends.  J 

Fourteen  tests  on  cylindrical,  hollow  columns,  with  flat  ends,  made 
by  the  New  York  City  Department  of  fiuildings.2 

Fourteen  tests  on  hollow  columns  with  flat  and  flanged  ends,  at 
Watertown  ArsenaL  || 

Total  number  of  tests  on  diagram,  106. 

The  sectional  areas,  loads  per  square  inch,  radii  of  gyration  and 

values  of  — ,  have  all  been  calculated  by  the  writer  from  the  figures 
given  in  the  records,  except  for  the  New  York  tests,  for  which  the  radii 
of  gyration  and  ratio  — ,  only,  were  calculated. 

Most  of  the  Watertown  tests  were  on  tapered  columns,  and  all  the 
areas,  loads  per  square  inch  and  radii  of  gyration  calculated  for  these 
refer  to  the  section  at  the  middle  of  the  column  length,  which  will 
explain  the  divergence  from  the  figures  for  ultimate  strength  per 
square  inch  given  by  Professor  Lanza. 

The  results  plotted  on  Fig.  19  refer  to  tests  of  columns  of  various 
kinds  of  cast  iron.  Hodgkinsou's  tests  alone  cover  17  different  irons, 
of  widely  different  compressive  strength,  in  short  specimens.  No 
information  is  given  as  to  the  physical  characteristics  of  the  irons  used 
in  the  other  tests  plotted  on  the  diagram. 

A  number  of  the  columns  of  this  (1857)  series  by  Hodgkinson  were 
subjected  to  more  than  one  test.  They  were  made  long  at  first,  and 
after  being  tested  they  were  cut  down  into  shorter  columns  and  re- 
tested,  a  circumstance  still  further  adding  to  the  difficulty  of  deriving 
any  definite  laws  of  strength  from  these  tests. 

Regarded  as  a  means  of  determining  the  influence  of  column  pro- 
portions on  ultimate  strength,  the  results  of  any  of  the  tests  plotted 
on  Fig.  19  are  of  little  value,  and  a  most  cursory  consideration  wiU 

*  Abstracted  from  Mr.  Hodgkinson 's  paper  in  Philosophical  lYansactions^  Royal 
Society  of  London,  1B57. 

t  Engineering^  February  28th,  1896. 

t  Engineering,  September  11th,  1896. 

S  Engineering  Netcs^  January  18th,  1898. 

I  Reports,  1887-1888,  and  Lanza's  '"  AppUed  Mechanics.*' 
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show  the  absurdity  of  attempting  to  generalize  with  regard  to  any  of 
the  three  principal  sets  of  tests  of  this  diagram.  Nevertheless,  these 
are  the  most  important  tests  of  cast-iron  columns  yet  made,  from  the 
pQint  of  view  of  the  engineer,  representing,  as  they  do,  all  the  experi- 
mental evidence  at  present  available  to  justify  the  confidence  of  the 
designer  using  this  material  in  its  commoner  qualities  without  any 
definite  knowledge  or  check  upon  its  physical  characteristics. 

It  is  worthy  of  note  that  prior  to  the  Watertown  tests  of  1887  and 
1888,  there  was  absolutely  no  published  experimental  evidence  existing 
of  the  streng^  of  common  grade  cast-iron  columns  of  the  proportions 
of  length  to  radius  of  gyration  in  most  common  use.  Hodgkinson's 
tests  (1857)  did  not  give  results  on  columns  of  shorter  lengths  than  79 
or  80  times  the  radius  of  gyration,  and  his  tests  in  the  1840  paper  were 
on  iron  of  a  comparatively  high  class.  This  want  has,  to  a  slight 
extent,  been  filled  by  the  Watertown  tests  and  the  New  York  Building 
Department  tests. 

It  is  surprising  to  think  of  the  enormous  number  of  cast-iron 
columns  which  have  been  put  into  use  without  any  justification  for  the 
loads  imposed  on  them,  except  a  simple  faith  in  Hodgkinson's,  Gor- 
don's and  Bankine's  formulas,  and  in  the  numerous  tables  calculat-ed 
therefrom  and  published  in  engineering  pocketbooks  and  treatises. 

The  writer  does  not  pretend  that  the  curves  plotted  on  Fig.  19  have 
any  other  than  a  purely  accidental  correspondence  with  the  experi- 
mental results  shown  on  the  diagram. 

The  curves  calculated  from  the  formula  refer  to  material  of  certain 
fixed  characteristics,  while  the  experiments  plotted  on  Fig.  19  were 
made  on  cast  iron  of  widely  different  grades. 

At  the  same  time  the  curves  follow  definite  laws,  and  may  serve  as 
a  basis  of  reference.  The  writer,  in  his  own  practice,  would  not  care 
to  count  upon  higher  ultimate  strengths  for  common  cast-iron  col- 
umns than  are  given  by  the  lowest  curves  on  the  diagram. 

Wrought  Iron. — Bound  or  Pivoted  Ends. 

Fig,  20, — Bepresenting  33  tests  of  round-ended  columns  by  Mr. 
Christie.*  These  tests  have  all  been  plotted  to  lengths  measured  from 
center  to  center  of  hemispherical  ends.  Mr.  Christie  gives  values  of 
R  based  on  extreme  lengths. 

*  Transactions^  Am.  Soc.  C.  E.,  Vol.  xiii. 
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In  the  case  of  Tests  Nos.  227,  228  and  229  the  ratio  —  has  been 
recalculated  from  the  lengths  given  in  Mr.  Christie^s  Table  No.  6. 
The  values  of  —  for  these  three  tests  g^ven  in  this  table  do  not  agree 

with  the  lengths  and  radii  of  gyration. 

The  33  tests  by  Mr.  Christie  shown  on  this  diagram  are  Nos.  200  to 
229,  inclusive,  of  his  Table  No.  6,  and  Nos.  287,  290  and  293  of  his 
Table  No.  8. 

One  test  of  a  round-ended  column  of  large  size  by  L.  F.  G.  Bous- 
caren,*  M.  Am.  Soo.  C.  £.  The  ends  of  this  column  were  portions  of 
a  sphere  of  10|  ins.  radius,  and  the  effective  length  has,  therefore,  been 
taken  to  be  20^  ins.  shorter  than  the  length  over  all. 

Fourteen  tests  of  round-ended  columns  by  Mr.  Hodgkinson.t 
Allowance  for  the  round  ends,  in  arriving  at  effective  length,  has  been 
made  in  this  case  also.     The  sectional  areas,  loads  per  square  inch, 

radii  of  gyration,  and  values  of  — ,    have    been    calculated   by   the 

writer  from  Mr.  Hodgkinson's  records. 

Total  number  of  tests  on  diagram,  48. 

Fig.  21. — ^Representing  116  results,  by  Professor  Tetmajer  on  pivot- 
ended  columns. :(  These  results  represent  210  experiments.  Ninety- 
four  of  the  results  plotted  represent  in  each  case  the  average  of  two 
tests,  while  twenty-two  of  the  results  are  for  single  experiments.  The 
results,  as  plotted  by  the  writer,  are  in  every  case  for  the  load  per 
gross  square  inch.  Some  of  the  specimens  were  compounded  of  two  or 
four  pieces  riveted  together,  'and  in  the  diagram  given  by  Professor  J. 
B.  Johnson  in  his  ''  Materials  of  Construction,"  these  results  appear 
to  have  been  plotted  for  load  per  net  square  inch  (the  rivet  holes  being 
deducted),  and  they  have,  therefore,  too  high  a  value.  This  error  was 
repeated  in  the  reproduction  of  the  diagram  by  Mr.  Marston  in  his 
discussion  of  Professor  Cain's  paper. | 

Fig.  22. — This  diagram  is  simply  a  combination  of  Figs.  20  and 
21,  and  therefore  includes  practically  the  whole  of  the  available 
experimental  evidence  as  to  the  strength  of  wrought-iron  oolumns 
with  both  ends  free,  and  unconstrained,  i.  &.,  with  << round'*  or 
**  pivot  ends  "  and  with  **  central"  loading. 

•  Tranwctions^  Am.  Soc.  C.  E.,  VoL  ix. 

t  Philosophical  Trantactiona^  Royal  Society,  London,  1840. 

t'*  Tetniajer's  Communications.'^ 

$  *'The  Ideal  Column,'*  Tranaactions^  Am.  Soc.  C.  E.,  Vol.  zxxix,  pp.  100  to  111. 
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The  experiments  of  M.  Consid^re  on  pivot-ended  colnmns  cannot 
be  made  use  of  as  bases  of  reference  for  practical  work,  on  acconnt  of 
the  attempt  made  to  feel  for  the  ''physical  axis,"  or  axis  of  greatest 
resistance,  by  moving  the  pivot  ends  out  of  the  geometric  axis,  a 
refinement  which  is  entirely  ont  of  the  question  in  practical  con- 
struction. 

This  objection  probably  applies  also  to  Professor  Bauschinger's 
experiments  on  pivot-ended  columns,  but  this  point  the  writer  haa 
not  been  able  to  make  out  clearly  from  the  records. 

It  may  also  be  noted  that  M.  Gonsid^re's  test  specimens  were  of 
very  small  sections,  the  heaviest  being  only  41  mm.  X  23  mm. 
(rectangular)  or  253  sq.  mm.  =  about  0.4  sq.  in.,  and  the  lightest  only 
77  sq.  mm.  (angle  section)  =  about  0.12  sq.  in.*  This  last  objection 
does  not  apply  to  Bauschinger's  pivot-ended  tests,  in  which  the 
sections  ranged  from  a  maximum  of  63.8  sq.  cm.  (m -section, 
25.2  cm.  X  13.86  cm.),  or  about  9.9  sq.  ins.  sectional  area,  to  a  minimum 
of  5  sq.  cm.  (T-bar,  5.7  cm.  x  2.82  cm.),  or  about  0.755sq.  in.  sectional 
area. 

Although  it  has  been  stated  that  Bauschinger's  tests  (pivot-ended) 
probably  cannot  be  used  as  bases  of  reference  in  practical  work, 
owing  to  the  refinements  probably  adopted  in  carrying  out  the  tests, 
yet  it  has  seemed  to  the  writer  that  a  record  of  them  is  necessary  to 
the  completeness  of  this  paper;  and  a  still  stronger  reason  for  their 
presentation  in  diagram  form  lies  in  the  fact  that  in  spite  of  all  the 
highly  skilled  care  and  accuracy  bestowed  on  the  tests,  Bauschinger 
did  not  succeed  in  keeping  the  lower  tests  above  the  lower  limit  found 
in  the  tests  of  other  experimenters,  as  will  be  seen  on  reference  to 
Fig.  23. 

Fig.  23, — Twenty-nine  tests  by  Professor  Bauschinger  on  pivot- 
ended  columns  of  wrought  iron.f 

Fig,  24, — ^Nine  results,  representing  eighteen  experiments  by  Profes- 
sor Tetmajer  on  pivot-ended  wrought-iron  columns  under  intentionally 
eccentric  loads.  These  results  are  in  each  case  the  average  of  the 
tests  of  two  specimens.!  It  is  unfortunate  that  the  record  of  each 
individual  experiment  has  not  been  given  by  Professor  Tetmajer. 

*  Considdre's  Report  on  ''  La  Resistance  au  Flambement  des  Pidces  Coxaprimdes  '* 
(  French  Commission  des  Methodes  D'Essai  des  Blateriaux  de  Construction.    Tome  ill). 
t  Fttnfzehntes  Heft,  MittheUung,  zviii. 
t  ^^  Tetmajer^s  Communications.^' 
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The  record  nnmbers  of  the  results  are  noted  on  the  diagram. 
Tetmajer's  tests  (non-axial),  Nos.  27  to  34  inclusive,  have  not  been 
plotted  by  the  writer,  as  they  were  on  T-bars,  100  mm.  x  100  mm. 
X  10  mm.,  with  the  load  imposed  eccentrically  in  the  line  of  the 
greatest  radins  of  gyration,  while  the  bars  all  failed  in  the  direction  of 
the  least  radius  of  gyration.  It  may  be  remarked  that  the  amount  of 
the  intentional  eccentricity  in  these  tests  (Nos.  27  to  34)  was  not  suffi- 
ciently great  in  any  case  to  ensure  that  failure  would  occur  by  flexure 
in  the  plane  of  the  greatest  radius  of  gyration,  and  the  *' accidental  " 
equivalent  eccentricity  in  the  plane  of  the  least  radius  of  gyration  was 
evidently  the  controlling  factor. 

The  examples  on  the  diagram  have  been  selected  for  the  sole  reason 
that  they  were  most  nearly  uniform  in  the  character  of  section,  method 
of  loading,  and  amount  of  eccentricity. 

Fourteen  of  the  tests  were  on  pairs  of  angle  bars  riveted  together  to 
form  a  T-section,  and  the  remaining  lour  were  on  channel  bars. 

In  each  case  the  eccentricity  of  loading  was  such  that  the  tables  of 
the  T-Bections  or  channels  were  subjected  to  the  greatest  compressive 

stress,  and  in  consequence,  the  value  of  —^  was  much  less  when  referred 

to  the  table  faces  than  when  referred  to  the  points  of  the  legs  of  the 
T-Bections  or  channels,  rendering  it  necessary  to  use  two  different 

values  of  — j,  when  plotting  the  curves  by  the  writer's  formula,  one 

being  for  failure  by  compressive  stress  in  the  table  faces,  and  the  other 
for  failure  by  tensile  stress  in  the  points  of  the  legs. 

C  6 

The  values  of  —»  deduced  from  the  sections  and  the  actual  value  of 
intentional  eccentricity  were  as  follows: 


For  results. 

• 

-pr  'or  Compressive  stress. 

c  c 

^t    for  Tensile  stress. 

Nos,  14, 16, 18, 17  and  18 

1.256 

1.428 

1.627  and  1.651 

8.125 

Nos,  66  and  58 

8.440 

Nos.  51  and  52 

8.420  and  8.470 

The  curves  plotted  on  the  diagram  have  been  calculated  from  values: 
For  Compressive  stress.  For  Tensile  stress. 

^ 1.5  3  and  3.5 

and  the  characteristic  agreement  is  sufficiently  satisfactory  when  it  is 
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remembered  that  we  are  dealing  with  tests  of  ultimate  strength,  and 
that  each  result  plotted  on  the  diagram  represents  the  average  of  two 
tests. 

The  other  non-axial  tests  made  by  Tetmajer  had  values  ^  of  too 
little  uniformity  to  allow  of  them  being  used  to  illustrate  the  influence 


Fio.  95. 

of  eccentric  loading  combined  with  the  influence  of  varying  ratios  of 

— .     They  do,  however,  most  clearly  show  the  serious  loss  of  strength 

caused  by  eccentric  loading. 

Fig,  25, — Ten  results  representing  twenty  tests  by  Professor  Tet- 
majer  on    pivot-ended    wrought-iron    columns    under    intentionally 
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eccentric  loads.  Each  restilt  plotted  is  the  average  of  two  tests.* 
These  results  are  especially  interesting,  notwithstanding  their  small 
number,  as  the  tests  were  on  solid,  round  bars  of  one  'make  of  iron 
throughout,  and  the  observed  and  intentional  value  of  eccentricity  of 
loading  was  very  large,  and  thus  greatly  overshadowed  accidental 
conditions. 

Ten  of  the  experiments  were  made  with  a  value  of  — y  =  6.84  to  6.96, 

and  the  other  ten  with  a  value  of  ^  =  13.68  to  13.92.      The  ultimate 

strength  of  the  iron  under  direct  tension  is  given  by  Tetmajer  as  51  400 
lbs.  per  square  inch,  with  an  ultimate  elongation  of  23.7%  in  200  mm. 
(7}  ins.  nearly). 

In  this  diagram  the  vertical  scale  of  the  load  has  been  made  much 
larger  than  in  the  other  diagrams  in  order  to  emphasize  the  difference 
in  the  results,  and  to  show  their  characteristic  agreement  with  the 
writer's  calculated  curves. 

In  each  of  the  two  sets  of  experiments  plotted  on  this  diagram  the 
upper  curve  indicates  the  loads  causing  a  maximum  compressive  stress 
of  48  000  lbs.  per  square  inch,  and  the  Ipwer  curve  indicates  the  loads 
causing  a  maximum  tensile  fiber  stress  of  36  000  lbs.  per  square  inch. 

The  curves  for  the  upper  set  of  tests  have  been  plotted  for  a  value 

of  — 5-  =  7,  and  those  for  the  lower  set  for  a  value  of  14. 

Wrought  Iron.— Fixed  Ends. 

Fig,  2^.— Twenty-five  tests  by  Mr.  Christie  on  fixed-ended  columns 
of  angle  bars.f  Reference  has  already  been  made  to  the  difficulty  cf 
realizing  fixity  of  ends  in  columns,  and  Mr.  Christie  remarks  in  his 
description  of  his  experiments,  that  the  lengths  of  the  fijLed-ended 
struts  were  measured  between  the  clamps,  whereas  the  point  of  abso- 
lute fixing  probably  occurred  at  some  place  within  the  clamps,  and 

the  values  given  for  the  ratio  —  would  then  be  too  low. 

If  Mr.  Christie's  suggestion  were  adopted  and  a  somewhat  higher 

value  assumed  for  the  value  of      ,    the    already    fairly     satisfactory 

r 

agreement  between  the  writer's  lower-limit  curve  and  the  lower  results 

of  the  experiments  would  be  still  more  pronounced. 

*  '*  Tetmajer^s  Communications.*' 

t  7Van«acfton«,  Am.  Soc.  C.  E.,  Vol.  xlii. 
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These  experiments  by  Mr.  Christie  are  the  only  series  on  fixed - 
ended  .columns  of  which  the  writer  is  aware.     It  is  to  be  noted  that 

Mr.  Christie's  Test  No.  174,  with  ratio  —  =  118  (maximum  load  im- 

T 

posed  being  24060  lbs.  per  sqnare  inch),  is  not  shown  on  the  diagram, 
as  failure  did  not  take  place. 

Wrought  Iron.— Flat-Ends. 

Figs.  27,  28,  29,30  and  31. —Testa  of  240  flat-ended  wronght-iron 
columns.  The  diagrams  are  self-explanatory,  as  far  as  possible.  Atten- 
tion is  directed  to  the  low  results  evidenced  in  these  test  of  flat-ended 
columns  when  of  considerable  length,  owing  to  their  rotating  on  their 
ends.  This  mode  of  failure  was  found  by  Mr.  Christie  in  his  tests  of 
flat-ended  struts,  as  always  occurring  in  the  longest  struts,  and  never 
in  the  shortest. 

Fig.  32. — Besults  of  seventy -nine  tests  of  flat-ended  wrought-iron 
columns  of  large  size,  of  various  sections,  and  by  various  experimenters. 
The  writer  has  not  been  able  to  refer  to  the  original  records  in  every 
case,  but  the  sources  from  which  the  information  has  been  obtained  are 
acknowledged  on  the  diagram. 

With  regard  to  the  Keystone  columns  tested  by  Mr.  Bousoaren; 
only  the  four  which  were  riveted  through  the 'projecting  flanges, 
similarly  to  a  Phoenix  column,  are  recorded  on  the  diagram. 

Fig.  33. — Thirteen  tests  of  wrought-iron  flat-ended  columns,  by 
Professor  Bauschinger.*  These  columns,  which  had  flat  ends,  are  not 
open  to  the  objections  raised  against  the  use,  as  a  basis  of  reference, 
of  Bauschinger's  pivot-ended  columns. 

Seven  results,  representing  thirteen  tests  of  flat-ended  wrought- 
iron  columns,  by  Professor  Tetmajerf. 

Twenty  tests  of  flat-ended  wrought-iron  columns,  by  the  late  C.  A. 
Marshall,  M.Am.  Soc.  C.  £.t  Reference  to  Mr.  Marshall's  tests  will  be 
made  subsequently. 

Forty  results  =.  forty-six  tests,  total  on  diagram. 

Fig.  34. — This  diagram  is  compounded  of  Figs.  26  to  33,  inclu- 
sive, and  shows  the  results  of  390  experiments  (384  results),  on 
wrought-iron  columns,  25  of  the  tests  being  of  fixed-ended  columns, 
and  365  being  of  flat-ended  columns.     This  diagram  shows  practi- 

*  FOnrzehntes  Heft,  Mittheilung,  xvlii. 

t  '*  Tetmajer'a  Coramunications." 

X  Traruiactionsy  Am.  Soc.  C.  E.,  Vol.  xvU. 
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oallj  all  the  availflfble  experimental  data  on  the  strength  of  wrought- 
iron  columns  with  flat  ends. 

The  weakness  of  flat-ended  columns  in  the  higher  ratios  of  —  is 
most  clearly  evident  in  this  diagram.  The  high  strength  shown  by  a 
number  of  columns  of  ratio  —  =  30,  and  under,  is  also  a  striking  feature, 

and  it  would  appear  that  columns  longer  than  30  radii  of  gyration  (7| 
diameters  in  cylindrical  solid  bars)  cannot  be  expected  to  develop 
higher  strength  due  to  plastic  yielding  under  compression,  and  thai 
column  action  begins  to  come  into  play  more  definitely  at  about  ratioe- 

-  =  80  to  40. 

r 

It  is  evident  that  in  very  short  columns  the  useful  ultimate  strength 
must  be  measured  by  the  elastic  limit  under  compression,  and  this  may 
not  have  been  noted  carefully  in  some  of  the  experiments,  but  beyond 
the  ratio  80,  the  influence  of  column  length  appears  to  become  very 
strongly  marked. 

Wrought  Iron. — EUnged  or  Pin  Ends. 

Fig,  3S, — One  hundred  and  six  tests  of  hinged-ended  angles,  tees,, 
tubes,  channels  and  beams,  by  Mr.  Ohristie.*  In  Mr.  Christie's  account 
of  his  tests,  he  remarks:  '*The  hinged-ended  tests  varied  aU  the  way 
from  the  value  of  round-ended  up  to  flat-ended. " 

The  writer  would  extend  this  to,  '*  the  hinged-ended  tests  varied  all 
the  way  from  the  lower  values  for  round-ended  up  to  the  higher  values 
for  flat  or  fixed-ended." 

The  truth  of  this  is  apparent  on  referring  to  the  diagram  on  which 
the  writer  has  plotted  the  lower  limit  curve  for  round-ended  columns 

with  — 2  =  0.6,  as  on  Figs.  20,  21  and  22,  and  the  upper-limit  dotted 

curve  for  fixed-ended  columns  with  — ^  =  0. 15,  as  on  Figs.  26  to  88. 

The  high  results  for  ratios  under  30  are  again  evident,  and  are 
similar  to  the  results  for  flat-ended  columns. 

The  tests  on  hinged-ended  angles,  given  in  Table  No.  8  of  Mr. 
Christie's  paper,  are  all  plotted  on  the  diagram,  excepting  those  which 
were  not  cajried  to  the  point  of  failure.  In  addition  to  these,  the  writer 
has  also  plotted  five  of  Mr.  Christie's  extra  tests  on  some  of  these  angle 
bars,  as  given  on  pages  113  and  114  of  Mr.  Christie's  paper. 
*Tran»actionB^  Am.  Soc.  C.  E..  Vol.  xiiL 
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These  are  as  follows: 

1.  First  test,  with  2-iii.  balls  and  sockets,  apparently  central,  on  the 

same  bar  as  in  Experiment  No.  80,  ratio  —  ■=  164,  for  which  the  result 

of  the  second  test  after  moving  the  ends  0.06  io.  from  the  original 
position  was  given  in  Mr.  Christie's  Table  No.  8.  The  first  test,  appar- 
ently central,  gave  an  ultimate  strength  of  19  400  lbs.  (9  200  lbs.  per 
square  inch),  and  the  second  test,  after  moving  the  specimen  0.06  in.^ 
gave  an  ultimate  strength  of  27  850  lbs.  (13  199  lbs.  per  square  inch), 
Both  of  these  results  are  on  the  diagram. 

2  and  3.  The  second  and  third  tests  on  the  same  bar  as  in  Experi- 

ment  No.  117,  ratio  —  =  290.     The  first  test  (No.  117)  on  this  bar  was 

with  2-in.  balls  and  sockets  (7  020  lbs.  per  square  inch),  the  second  with 
1-in.  balls  and  sockets  (3  525  lbs.  per  square  inch),  and  the  third  with 
2-in.  pins.  (4  790  lbs.  per  square  inch). 

4.  The  second  test  on  the  same  bar  as  in  Experiment  No.  118,  ratio 

—  =  233-.     In  the  case  of  this  bar,  the  first  test  result,  with  ends  ap- 
r  , 

parently  central,  is  given  in  Mr.  Christie's  Table  No.^  3,  the  strength 

being  16  700  lbs.  (8  650  lbs.  per  square  inch),  and  in  the  second  test  the 

ends  were  moved  0.06  in.,  with  the  result  that  the  strength  was  26  450 

lbs.  (13  700  lbs.  per  square  inch). 

5.  The  first  test  on  the  same  bar  as  in  Experiment  No.   119,  ratio 

—  a=  189,  giving  a  strength  of  20 150  lbs.  (8  340  lbs.  per  square  inch) .    In 

the  case  of  this  bar,  the  second  test,  after  moving  the  bar  0.07  in.,  with 
resulting  ultimate  strength  of  38  175  lbs.  (15  770  lbs.  per  square  inch), 
is  that  given  in  Mr.  Christie's  Table  No.  3. 

It  is  not  clear  why  Mr.  Christie  should  have  selected  the  second 
tests  in  the  case  of  Experiments  Nos.  80  and  119,  for  insertion  in  his 
Table  No.  3,  which  otherwise  referred  to  struts  under  apparently 
central  loads. 

Mr.  Christie's  extra  tests,  of  considerable  number,  on  angles,  tees, 
tubes,  and  H- beams,  in  addition  to  the  few  above  mentioned,  made  it 
most  apparent  that  the  physical  axis  did  not  always  coincide  with  the 
geometric  axis,  and  they  also  showed  very  marl^edly  how  very  sensitive 
the  columns  were  to  apparently  insignificant  amounts  of  adjustment, 
and  to  variations  in  sizes  of  pin  or  socket. 
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Fig,  36. — One  hundred  and  twenty-six  tests  of  pin-ended  wronght- 
iron  colnmns  of  large  size  by  various  experimenters.  The  writer  has 
n  )t  had  the  advantage  of  referring  to  the  original  published  records  of 
most  of  the  tests,  and  he  has  therefore  been  compelled  to  take  the 
records  at  second  hand  from  the  sources  acknowledged  on  the  diagram. 

With  regard  to  the  Detroit  Bridge  Company's  columns,  the  results 
have  been  taken  from  the  paper  by  Theodore  Cooper,  M.  Am.  Soc.  C. 
E.,*  from  Professor  Lanza's  ''Applied  Mechanics,"  and  Professor  W. 
H.  Warren's  ''Engineering  Constrjiction. " 

The  results,  in  many  cases,  if  plotted  to  the  values  of  —  given  by 

Mr.  Cooper,  would  differ  considerably  from  the  results  as  plotted  on 
the  diagram.     This  results  from  the  writer's  having  found  that  the 

values  of  the  ratio — »  given  by  Mr.  Cooper,  do  not  agree  with  the 

dimensions  of  the  columns  as  given  by  Professor  Lanza  and  Professor 

Warren.     The  writer,   accordingly,   recalculated  the  values  of  — , 

using  the  lengths  as  given  by  Professors  Lanza  and  Warren,  and, 
calculating  the  radius  of  gyration  from  the  detailed  sections  given  on 
Plate  XXVn  of  Mr.  Cooper's  paper,  at  the  same  time  comparing 
carefully  the  sections  as  given  by  Mr.  Cooper  with  the  less  fuUy 
detailed  sections  given  by  Professors  Lanza  and  Warren. 

It  would  appear  that  Mr.  Cooper  has  taken  the  least  radius  of 
gyration  in  every  case,  but  these  columns  were  pin-ended,  in  which 
the  radius  of  gyration  at  right  angles  to  the  pin  was  frequently  greater 
than  that  parallel  to  the  pin,  and  it  is  this  greater  radius  of  gyration 
which  should  be  used,  as  the  columns  were  practically  flat-ended  as 
regards  failure  in  the  direction  of  the  least  radius  of  gyration.    The 

effect  of  this  is  that  Mr.  Cooper's  values  of  —  are  in  many  cases  too 

great,  and,  consequently,  too  great  strength  has  been  credited  to  these 

high   values  of  — . 

It  is  worthy  of  note  that  a  few  of  these  columns  did  fail  by  deflect- 
ing in  a  direction  parallel  to  the  pins,   and  acting  as  flat-ended 
columns,  and  not  as  pin-ended.     This  draws  attention  to  the  necessity 
for  care  in  proportioning  pin-ended  columns  in  which  the  radius  of 
•  ''  American  Railway  Bridges/'  TranMictions^  Am.  Soc.  C.  E.,  Vol.  xxL     * 
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gyration,  parallel  to  the  axis  of  the  pins,  is  of  less  value  than  the 
radius  perpendicular  to  the  pins. 

If  too  great  a  differenoe  exists,  the  column  may  be  weaker  as  a  flat- 
ended  column  deflecting  parallel  to  the  pins  than  &s  a  pin-ended 
column  deflecting  at  right  angles  to  the  pins. 

Four  of  the  Detroit  Bridge  Company's  columns  were  purposely 
loaded  out  of  axis,  and  these  are  plotted  on  the  diagram  with  a  note 
to  that  effect.     Two  of  the  columns  were  formed  of  a  pair  of  10-in. 


T««t«of  Mild-Steel  Columns  with  PivotedC- Pointed)  Ends. 
"Central  Loads." 

TUTS  BY  PROFCSaOti  TETMAJER: 

«  RESULTS  -  1>  TESTS  OF  ANGLE  BARS  100  M.«.  X  100  a.*.  X  1*»o(  ■.•.)' 

SECTIONAL  AREA  EACH. 
«  RESULTS  -12  TESTS  OF  TEE-BARS  IJO  >.•.  X  <0  b.«..X  17M(a.«.  )' 

SECTIONAL  AREA  EACH. 

•  RESULTS  -  12  TESTS  OF  CHANNELS  1 40  M.  •.  «  CO  a. «.  X  209l(a.M.)' 

SECTIONAL  AREA  EACH. 

4  RESULTS  "  S  TESTS  OF   H  SECTIONS  ISO  ■.«.  X  82  «.«.  X  2t48(B.«.)* 

SECTIONAL  AREA  EACH. 

5  RESULTS  -«  12  TESTS  O"  OOUtLE  ANCLE  ^IL  EA.  SO  ■.«.  X  BO  «.■.  X  S  •.«. 

-2420(«i.».)»  TOTAL  AREA. 

•  RESULTS   m  12  TESTS  OF  FOUR  ANGLES  4^    EA.   CO  ■.«.  XCOa.a.  K  6.2  ■.«. 

-2T6S(a.a.)'TOTAL  AREA?" 
S    RESULTS  <-  10  TESTS  OF    DOUBLE  TEES  <e^ 

B«Ot»^«.«.)' TOTAL  AREA.  I 

■    RESULTS  —  10  TESTS  OF    DOUBLE  CHANNELS    J^     EA.  I 


1«   RESULTS  »  19  TESTS  OF    SOLID  CVLINCRIOAL  BARS  FROM   17.S«.«. 

DtAM.   TO  4B  «.«.  OIAM.   —    FROM    249(M.a.  )'_^  40S(b 

SO    RESULTS (-104  tests).  TOTAL  ON   DWGRAM, 

THE  STEEL  USED  HAD  TENSILE  STRENGTH 
B4,ee0  TO  f>S.BOO  lbs.  per    square  INCH. 
(TETMAJER-S  COMMUNICATIONS). 
LOWER  LIMIT  FORMULA. 


IS  ■>  S0,000,0«0    LBS.  PER  SQUARE  INCH, 
fc  C4,00e   LBS.   PER  SQUARE  INCH, 


RATIO  -f 


Fio.  89. 
channels  connected  on  one  side  by  a  plate,  and  on  the  other  by  lattic- 
ing.    The  other  two  were  of  the  same  type,  but  with  8-in.  channels. 

The  low  strengths  are  worthy  of  careful  attention,  as  the  results 
were  evidently  not  entirely  due  to  these  four  columns  being  of  unsym- 
metrical  section,  but  to  the  pins  not  being  placed  at  the  center  of  area, 
since  the  highest  result  shown  on  the  whole  diagram  was  of  the  same 
type  and  proportions  as  these  four  columns,  but  with  pins  placed  at 
the  center  of  area. 
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Fig.  37, — This  diagram  represents: 

Thirty-four  tests  of  pin-ended  wronght-iron  columns  by  Mr.  O.  A. 
Marshall;*  and  fifty -five  tests  of  pin-ended  wrought-iron  columns  at 
Watertown,t  a  total  of  eighty-nine  tests.  A  reference  to  these  will  be 
made  when  dealing  with  Mr.  Marshall's  tests  on  pin-ended  steel 
columns. 


a>i*x  $><'x 'Xi'(o.it  CARBON) MvtR.  frEpJsiui  StRewCTH  69, 


•  DOUBLE  ANCIE   BARS^.  J|_, 


Te»t8  of  Mild-Steel  Columns  with  Flat  Ends.  "Central [Loads!, 

•M  TKSTS  ON  ANCLE    MRS  I'x    i'kX'TO      '''•-    -"'    "^-''- 
.#■2         >•        or  REAMS   I'OEER.  (0.1 «  CARBON)  ~.        ,     .        I        i         | 

^a         ..        »    ANCLE   BARS   Tx'K'ji    X'  TO    »/4'x   S/i    X  /*    (0.15  dARBOi 
TRANS.  AH.   &OC.    C._e.,  VOL.    XIII.  t   .     'b    •!        I 

,/ROM   NO.  2  X    1,»  X    1/«  X  ;,<'l 
.'(TENSILE  8TREN0TH    ABOUT 
•0.000  LBS.  PER  SQUARE  INCH). 

TRANS.   AM.    80C     C  E.,   VOL.    > 

as   TESTS   BY  MR.  CHRISTIE.  __^_      , 

>*,  S  RESULTS  -(tS  tests)  BY   PROFESSOR  TETI1A4ER   ON  VARIOUSl 

SECTIONS  FROM    S49  (■.■.)' TO  f94»  (-.■I.)'* 

THE  STEEL  USED  HAD  TENSILE    STRENGTH   94,«0O  TOJ  ^ 

««,B00  LBS.  PER   SQUARE  INCH.(TETMAJER'S  COMMUNICATIONS, 

044  TESTS  BY  MR.  MARSHALL  ON    SOblD  ROUNDS.  SQUARES.  AND 

PLATS,  FROM   y*'  ROUND  TO    a*  X    t* PLATS,  ALL  PROy  SAME^ 
BLOW  OP  BESSEMER  6TeE1.,  NOT  COLO-STRAlCHTENEn. 
TENSILE    STRENGTH  FROM   «9,4«0  TO  71,285  LBS. 

PER    SQUARE  INCH. 

SB   RESULTS -^i*  TESTS)  TOTAL  ON   DIAGRAM. 

UPPER  AND  LOWER  LIMIT  FORMULAS. 


PIXEO  ENDS< 


i-8  /     *'^       ^/fc  .  ce\' 

FOR  FAItUag   BY  COMPR 


FOR  FAItuag  BY  COMPRESSION. 


FOR  INCIPIENT  TENSION. 


Em  10.000.000  LBS.  PER    SQUARE  INCH, 
#•.•4,000  LBS.  PER    SQUARE  INCH, 
^>0.C  FOR  LOWER   LIMIT  CURVE, 


S.0.t3  FOR  UPPER  LIMIT  CURVE, 


Fig.  38.  —This  is  a  combination  of  the  diagrams  on  Figs.  35,  36 
and  37,  and  shows  the  results  of  321  tests  of  hinged-ended  wrought- 
iron  columns. 

♦  Tranaactions^  Am.  Soc.  C.  E.,  Vol.  xvii. 

t  Replotted  from  Plate  XI  of  Mr.  Marshairs  paper,  Transactional  Am.  Soc.  C.  E., 
VoLxvli: 
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MQd  Steel.— Pivoted  Ends. 
Pig.  5a— Sixty  results,  representing  104  tests  by  Professor  Tetmajer 
on  Mud  Steel  Colnmns  of  varions  sections.*    The  remarks  made  with 
regard  to  Tetmajer*s  pivot-ended  wrought-iron  tests  shown  on  Fig.  21, 
apply  also  to  these  tests  on  mild  steel. 


Mild  SteeL— Flat  Ends. 
Pig^  40.— This  diagram  represents: 
Twenty-nine  tests  by  Mr.  Christie  rf  four  tests  by  Mr.  Christie ;(  eight 


♦  '*  Tetmajer's  Communications." 

t  TranaactioM^  Am.  8oc.  C.  E.,  VoL  xUi. 

X  TranaactUmSy  Am.  Soc.  C.  K,  Vol.  xv. 
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results  by  Professor  Tetmajer,*  representing  fifteen  tests;  forty-four 
tests  by  Mr.  Marshall;!  a  total  of  eighty-five  results,  ninety-two  tests. 

Mild  Steel.— Hinged  Ends. 

Fig.  41, — Thirty -four  tests  of  hinged-ended  mild-steel  columns  by 
Mr.  Marshall,  t  Mr.  Marshall  stated  in  his  paper  that  his  results  indi- 
cated clearly  the  law  that: 

<*  The  elastic  limit  of  the  material  is  the  chief  factor  in  determining 
the  resistance  of  struts  of  ordinary  length  made  out  of  wrought  iron 
or  steel,  excepting  the  very  hardest  kinds,  and  that  the  two  quantities^' 
elastic  limit  in  compression  and  ultimate  compressive  strength  are 
identical  within  a  very  considerable  railge  of  length  of  columns. " 

Mr.  Marshall's  conclusians  were  supported  strongly  by  the  results 
of  his  experiments,  but  the  number  of  tests  made  was  hardly  sufficient 
to  warrant  the  acceptance  in  practice  of  conclusions,  which,  if  con- 
sistently applied,  would  allow  the  same  stress  upon  a  wrought-iron 
column  having  a  length  of  100  times  the  radius  of  gyration,  as  for  one 
of  only  a  third  of  that  length. 

The  tests  made  by  other  experimenters  show  a  considerable  fall  in 
strength  with  increase  of  length,  and  their  evidence  cannot  be  igpiored 
in  practice;  and,  judging  from  the  results  obtained  by  Hodgkinson, 
Christie,  and  Tetmajer,  with  pivot-ended  columns  in  which  the 
influence  of  frictional  resistance  or  fixity  of  the  column  ends  was 
eliminated,  the  range  of  length  within  which  Mr.  Marshall's  law  would 
apply,  is  very  limited. 

It  will  be  noticed  on  referring  to  the  diagrams  Figs.  36  and  41,  that 
Mr.  Marshall's  pin-ended  tests  exhibited  a  very  rapid  fall  in  strength 
in  the  longer  column,  i,  e.,  at  the  ratios  110  to  120  and  over.  This 
points  to  the  probability  that  columns  shorter  than,  but  near,  these 
ratios  must  have  been  in  a  very  unstable  condition,  and  were 
assisted  greatly  by  the  frictional  resistance  of  the  pin-ends. 

It  is  also  to  be  noted  that  the  pin -ended  tests  made  by  Mr.  Marshall 
on  wrought  iron  and  steel,  were  compared  by  him  with  the  **  compres- 
sive elastic  limit "  as  determined  from  fiat-ended  and  hinged-ended 

specimens  1  in.  square  by  12  ins.  long,2  having  a  ratio  —  =  41.5,  a 


*  ''  Tetmajer's  Communications/' 

+  Table  No.  1  of  Mr.  Marshall's  paper,  TranMctUma,  Am.  Soc.  C.  E.,  Vol.  xvil. 
X  Table  Ko.  8  of  Mr.  Marshall's  paper,  Transactions,  Am.  Soc.  C.  E.,  Vol.  zvii. 
i  Table  No.  7  of  Mr.  Marshall's  paper. 
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colnmn  length  quite  sufficient  to  bring  in  influences  vliicli  might,  to 
a  very  considerable  extent,  affect  the  results,  and  all  of  these  12-in. 
bars  deflected  under  their  loads.  In  a  few  of  the  longer  columns, 
Mr.  Marshall  showed  how  exceedingly  sensitive  they  were  to  small 
adjustments  in  the  testing  machine,  and  some  of  these  are  indicated 
on  Fig.  41.  A  very  large  increase  of  strength  was  obtained  by  merely 
moving  the  specimen  a  small  fraction  of  an  inch  out  of  its  original 
centering,  and  by  the  simple  application  of  pressure  at  the  start  of  a 

second  test  of  a  column  having  ratio  —  =  180,  in  order  to  cause  failure 

r 

by  bending  in  the  opposite  direction  to  that  in  which  it  had  first  yielded, 

the  strength  was  raised  from  12  420  to  29  810  lbs.  per  square  inch. 

This  sensitiveness  undoubtedly  holds,   in  some  degree,   for  shorter 

.columns  as  well  as  for  longer  ones. 

Mr.  Marshall's  comparison  cannot  therefore  fairly  be  considered  as 
Tef erred  to  ^* compressive  elastic  limit"  of  the  material,  but  only  as 
one  between  the  strength  of  certain  columns,  41.5  radii  of  gyration 
long,  and  others  of  greater  length. 

The  flat-ended  tests  of  steel  columns  made  by  Mr.  Marshall  (Fig. 
40)  were,  however,  in  part  compared  with  short  specimens,  two  sides 
long,  from  the  same  bars  tested  as  columns,  and  it  is  this  comparison 
which  lends  the  greatest  strength  to  Mr.  Marshall's  conclusions. 

It  is  necessary  to  keep  in  view  that  even  in  a  short  compression 
specimen,  eccentricity  of  loading  will  have  more  or  less  effect,  and  an 
ordinary  test  will  only  give  the  average  stress  on  the  material,  while 
the  important  point  to  be  determined  as  regards  column  strength  is 
the  maximum  elastic  fiber  stress. 

Mr.  Marshall  also  made  comparison  between  the  ultimate  strength 
of  his  column  and  the  tensile  elastic  limit  of  the  same  bars  as  the 
colunms,  and  the  result  of  the  comparison  in  most  cases  showed  a  very 
remarkable  agreement.  It  is  difficult,  however,  to  see  how  any  fixed 
relation  of  equality  can  exist  between  the  elastic  limit  of  a  tension 
specimen  and  the  compressive  strength  of  a  column.  In  a  tension 
test,  any  inaccuracy  of  loading  or  lack  of  straightnees  does  not  tend  to 
increase  in  influence,  while  in  a  compression  specimen,  even  of  moderate 
length,  the  reverse  is  the  case. 

In  the  curves  plotted  on  Fig.  40  it  will  be  noticed  that  no  attempt 
is  made  to  differentiate  between  the  soft  steel  of  Professor  Tetmajer's 
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tests  and  the  somewhat  stronger  steel  used  by  Mr.  Marshall,  with  Mr. 
Christie's  standing  intermediate. 

The  number  of  tests  in  any  of  the  three  sets  is  not  sufficient  to  war- 
rant any  nicety  of  distinction  between  the  materials  used  in  each,  and 
it  may  be  remarked  that  the  complete  range  of  strength,  from  Professor 
Tetmajer's  minimum  tensile  strength  of  54  800  lbs.  per  square  inch  to 
Mr.  Marshall's  tensile  maximum  of  71  255  lbs.  per  square  inch,  is  very 
little  greater  in  proportion  than  the  range  of  tensile  strength  found  in 
Professor  Tetmajer's  tensile  tests  of  one  class  of  wrought  iron,  in  which 
the  minimum  and  maximum  tensile  strengths  were  respectively  46  000 
and  59  000  lbs.  per  square  inch. 

The  curves  in  Figs.  39,  40  and  41,  therefore,  have  been  plotted  with 
a  value  of  i^^  =  64  000  lbs.,  and  may  be  taken  as  applying  to  steel  of 
tensile  strength  of  from  60  000  to  70  000  lbs.  per  square  inch. 

Hard  Steel.— Flat  Ends. 

Fig.  42. — ^This  diagram  represents: 

Twenty-six  tests  by  Mr.  Christie,*  and  four  tests  by  Mr.  Christie, f 
a  total  of  thirty  tests.  It  may  be  urged  with  regard  to  this  diagram 
that  the  lower-limit  curve  for  failure  by  incipient  tension  is  too  low, 
and  is  not  justified  by  the  experiments. 

This  curve  is  not  dependent  in  any  way  on  the  ultimate  or  elastic 
strength  of  the  material,  but  solely  on  the  modulus  of  elasticity  and 

on  the  value  of  — j,  and  the  latter  quantity  has  been  taken  the 

same  as  for  all  the  other  diagrams.  The  evidence  of  the  more  numer- 
ous tests  on  wrought  iron  is  so  strong  that  it  does  not  appear  advis- 
able to  count  on  higher  loads  than  those  indicated. 

There  is  no  reason  why  hard-steel  struts  should  be  assumed  to  be 
loaded  with  gpreater  accuracy,  or  as  having  greater  immunity  from 
injury  by  cold-straightening,  or  as  being  less  liable  to  have  initial 
bends,  than  those  of  wrought  iron  or  mild  steel. 

Timber.— Flat  Ends. 
Fig.  43.     Tests  of  Yellow  Pine  or  Pitch  Pine. — The  diagram  repre- 
sents: 

Sixty -nine  tests,  with  flat  ends,  made  at  Watertown  Arsenal.  J    The 

*  Tmnaactian^y  Am.  Soc.  0.  £.,  Vol.  xlli. 
t  TVanwictton*,  Am.  Soc.  C.  E.,  Vol.  xv. 

%  Exec.  Doc.  18.  47th  Congress,  first  session.  These  have  been  plotted  from  the 
figures  given  in  Professor  Lanza's  *'  Applied  Mechanics/'  pp.  664  to  668, 6th  edition. 
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single  sticks  only  are  shown  on  this  diagram.  The  built  posts  tested 
have  been  omitted.  Three  second  tests  of  the  same  sticks  are  not 
plotted.  Sixteen  tests  bj  Professor  Lanza  made  at  Watertown  for  th& 
Boston  Mannfacturers'  Mutual  Fire  Insurance  Company.  The  flat- 
ended  tests  only  are  plotted.*  Fourteen  tests  by  Eirkaldy,  London, 
England,  on  pitch-pine  blocks  with  flat  ends.f 

Total  number  of  tests  on  diagram  =  99. 

The  inclusion  of  Kirkaldy's  tests  of  pitch  pine  in  the  same  diagram 
as  the  Watertown  tests  and  Professor  Lanza's  tests  of  yellow  pine  is 
justified  by  a  comparison  of  the  results  obtained  by  Kirkaldy  and 
Lanza  on  short  blocks.     The  comparison  is  shown  in  Table  No.  2. 

TABLE  No.  2. 


Kirkaldy. 
Round,  9.78  ins.  diameter,  60  Ins.  long. 


Lanza. 
Round,  7.70  to  10.46  ins.  diam- 
eter   

Rectanerular,  8.08  X  9.08  ins. . . 
And  10.aOx  10.07  ins 


Length, 
{    28.8  to 
84.88  ins. 


Minimum 8  686 

M^-rimnnn B  488 

Meanof6te8ts 4689 


CoMPBEsaiTB  Strength, 
in  pounds  per  square  inch. 


Minimum, 8  604 

Mfty^n^w™ 6  469^ 

Mean  of  8  teste 4  668 


Modulus  of  ELAsncmr. 
Average  up  .to  load  of  2  400 

lbs.  per  square  inch 2  000  000  lbs. 

(Mintites  of  Proceedings,  Institution  of 
CivU  Engineers,  Vol.  liii«  p.  168.) 


Meanof4teste 1911  886  lbs- 

(Lanza's  "  Applied  Mechanics;^*  p.  861.) 


Fig,  44. — Sixty-six  tests  of  rectangular  flat-ended  white  pine 
columns,  made  at  Watertown  Arsenal.  J  The  single  sticks  only  are 
plotted  on  the  diagram.     The  built  posts  tested  have  been  omitted. 

Fig,  45, — This  diagram  represents; 

Thirty-six  tests  of  square  flat-ended  seasoned  French  oak  columns^ 
by  Lamand^;2  and  thirteen  tests  of  square  flat-ended  Dantzic  oak 
columns,  by  Hodgkinson,||  a  total  of  forty -nine  tests. 

*  Lanza's  ''  Applied  Mechanics,"  pp.  651  and  666,  61  h  edition. 

t  From  Kirkaldy's  Reports  (Kirkaldy's  Life)  and  Minutes  of  Proceedings^  Institution 
of  Civil  Engineers,  Vol.  liii,  p.  168. 

tExec.  Doc.  12.  47th  Congress,  Ist  Session.  Plotted  from  the  figures  given  in 
Lanza's  "  Applied  Mechanics,"  pages  660  to  66S,  6th  edition. 

I  Plotted  from  the  figures  given  in  Hurst's  **TredgoId's  Carpentry,"  page  84,  6th 
Edition,  1888. 

I  PkilosophiccU,    Transactions,  Royal  Society,  London,  1840. 
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In  attemptii^  to  fit  the  curyes  to  these  three  diagrams  of  tests 
of  timber  columns,  the  writer  has  not  lost  sight  of  the  great  varia- 
tion known  to  exist  in  the  character  of  specimens  of  timber,  even 
from  the  same  tree,  due  to  a  number  of  causes  and  conditions  to 
which  it  is  not  necessary  to  allude.  The  tests  plotted,  however,  are 
in  each  case  the  most  important  series  of  which  the  writer  is  aware, 
and  they  comprise  the  most  reliable  data  available  for  the  design  of 
compression  members  of  timber. 

There  have  been^other  tests  made  on  large-sized  timbers,  but  they 
are  too  few  in  number  to  be  of  use  in  any  endeavor  to  determine  the 
influence  of  length  on  column  strength.  Notwithstanding  the  diffi- 
culties attaching  to  the  question,  it  will  be  seen  from  the  diagrams 
that  the  tests  do,  in  a  considerable  measure,  exhibit  the  general  char- 
acteristics accompanying  the  numerous  tests  on  the  more  uniform 
materials  previously  dealt  with. 

These  diagrams  complete  the  comparison  attempted  to  be  made 
between  the  results  of  tests  of  ultimate  strength  and  the  writer*s 
rational  formulas. 

It  may  be  remarked  that  reference  has  been  made  in  the  diagrams 
to  no  less  than  1  620  results,  representing  1  789  tests,  of  ultimate 
strength  of  columns  of  cast  iron,  wrought  iron,  steel,  and  timber, 
exclusive  of  the  references  to  tests  of  deflection. 

Application  op  the  FoBMUiiAs  in  Pbactige. 

The  opinion  has  already  been  expressed  in  the  paper  that  the 
design  and  proportioning  of  columns  to  carry  given  loads  should  be 
based  on  the  maximum  flber  stresses  allowable,  and  on  the  stiffiiess  of 
the  material,  while  making  reference  to  experimental  results  in  order 
to  ensure  having  sufficient  margin  against  ultimate  failure. 

In  order  to  put  this  opinion  into  practical  operation,  it  is  necessary 
to  .adopt  suitable  values  for  the  three  fundamental  factors  in  the 
formulas,  viz.,  £,  F^^,  and  E, 

It  will  not  be  necessary,  in  the  case  of  **  centrally  "  loaded  columns, 
in  practice  to  deal  with  the  value  of  the  allowable  tensile  stress,  since 
tensile  stress  will  not  be  developed  under  ordinary  working  loads. 

The  value  of  e  is  that  concerning  which  our  knowledge  must  be 
drawn  entirely  from  the  comparisons  just  made  with  experimental  re- 
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suits,  and,  although  the  value  of  — ^  can  be  at  onoe  calculated  from  the 

section  of  column  proposed  to  be  used,  yet  it  appears  desirable  in  the 
case  of  <<  centrally  "  loaded  columns  that  one  constant  value  should  be 

adopted  for  the  quantity  —j- ;  and  judging  from  experimental  evidence^ 

the  value  to  be  assigned  to  it  should  not  be  taken  at  less  than  0.6,  in 
the  present  state  of  our  knowledge. 

In  the  case  of  a  solid  cylindrical  column,  this  value  of  — ^  corre- 
sponds to  an  equivalent  eccentricity  of  only  0.3  of  the  radius  of 
gyration. 

The  values  to  be  given  to  F^  for  different  materials  may  properly  be 
approximately  those  in  common  use  for  maximum  working  fiber 
stresses  in  solid  beams  under  transverse  stress. 

With  regard  to  the  value  to  be  given  to  E,  it  must  be  noted  that 
in  every  column  it  is  necessary,  not  only  to  provide  that  the  maximum 
fiber  stress  shall  be  confined  within  proper  limits,  but  also  that  the 
stability  of  the  column,  as  governed  by  the  stiffness  of  the  material  of 
which  it  is  made,  shall  also  have  a  proper  and  sufficient  margin  of  safety 
under  the  loads  to  be  imposed. 

The  necessity  for  this  is  at  once  seen  by  a  reference  to  the  calcula- 
tions of  defiection  and  resulting  maximum  fiber  stresses  of  a  long 
column,  given  on  pages  15  and  16,  and  in  connection  with  which  it  was 
shown  that  the  column  would  be  perfectly  safe  as  regards  the  intensity 
of  maximum  fiber  stress  under  a  load  amounting  to  over  90^  of  the 
ultimate  supporting  power. 

Now,  on  reference  to  Formula  (1),  the  general  expression  for  the 
deflection  of  a  column: 

SEI--2Pl^  yx ^^^ 

or  its  practical  modification 

- — ^'^^— » 

o 
it  will  be  seen  that  the  deflection  of  any  given  column  under  any  given 
load  increases  directly  as  the  eccentricity  e,  and  further,  that  if  we  had 
such  a  material  to  deal  with,  we  need  give  no  thought  to  the  maximum 
stress  developed,  and  we  would  have  the  curious  result  that  the  ulti- 


Digitized 


byGoogk 


Papers.]  MOKCBIBFF  0I[  THB  PBAOTIGAL  GOLFMN.  403 

mate  load  would  be  precisely  the  same  whatever  the  amount  of 
eocentrioity  might  be. 

The  practical  conclnsion  to  be  drawn  from  the  foregoing  is  that  the 
eccentricity  of  loading  has  nothing  to  do  with  the  stability  or  insta- 
bility of  the  colnmn,  if  the  condition  of  instability  be  defined  as  that 
which  occurs  when  the  deflection  under  load  becomes  infinite. 

From  this  we  see  that  in  designing  a  column  to  carry  a  g^ven  load 
we  have  two  totally  independent  modes  of  failure  to  g^ard  against: 

(1)  Against  failure  by  exoessive  intensity  of  fiber  stress. 

(2)  Against  failure  by  instability. 

In  the  first  we  are  dependent  on  strength,  and  in  the  second  on 
stiffness. 

We  will  proceed,  therefore,  on  perfectly  correct  rational  lines  if 
we  proportion  our  **  centrally"  loaded  columns  in  practice  to  meet 
these  two  conditions,  which  are  satisfied  by  using  the  two  formulas : 


For  columns  ( 
with    both 
ends  round 


where  F^  is  the  maximum  allowable  working  intensity  of  fiber  stress, 

P=  K^^^^foT  stabiKty (2) 

where  f  is  a  suitable  fractional  coefficient  of  safety, 
or,  since  /,  =  --,/,==  K — ^ —  =  — j^ — . 

Applying  these  formulas  to  the  material  which  is  in  most  general 
use  in  constructional  work  at  the  present  day,  t.  e.,  mild  steel,  and 
adopting  as  suitable  values  for  the  various  factors, 

E  =30  000  000  lbs., 

Fc  =  24  000  lbs.  per  square  inch,  working  dead  stress, 

— -  =  0.6  for  columns  in  which  —  =  2,  and  —  =  0.3, 
r  r  r      . 

K  =  coefficient  of  safety  against  instability,  say  i, 

we  will  have  the  working  loads  per  square  inch  on  solid,  cylindrical, 

mild-steel,  round-ended  columns  indicated  by  the  curves  in  Fig.  46, 

in  which  for  every  ratio — ,  the  conditions  are  satisfied  that  the  maxi- 
mum fiber  stress  shall  not  be  more  than  24  000  lbs.  per  square  inch. 
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and  the  working  load  shall  not  be  more  than  one-third  of  that  which 
will  cause  instability. 

It  will  be  noticed  that,  at  about  ratio  —  =  88,  the  two  curves  inter- 

r 

sect,  and  at  this  point  the  factor  against  ultimate  failure,  as  compared 

with  experimental  results,  is  somewhat  less  than  is  given  either  for 

very  short  or  very  long  columns,  and  however  rational  the  basis  upon 

which  the  results  depend,  the  writer  thinks  that,  like  himself,  other 

engineers  would  hesitate  to  adopt  heavier  loads^  in  relation  to  ultimate 


Fio.4fl. 


strength  for  a  column  89  or  90  radii  long,  than  would  be  considered 
safe  for  columns  only  one-quarter  of  the  length,  or  four  times  the 
length. 

Again,  it  may  reasonably  be  objected  that  if  we  require  the  factor 
of  safety  against  failure  by  instability  of  a  long  column  to  be  at  least 
3  (assuming  this  as  a  fair  value),  it  should  follow  that  we  would  not 
have  a  much  smaller  value  against  ultimate  strength  as  shown  by  ex- 


periment, in  the  case  of  columns  of  ratio : 


:  80  to  90. 
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This  objection  may  be  met  very  easily  and  simply  by  using  only 
Formula  (7),  with  the  modification  of  applying  the  factor  of  safety 
against  instability  to  the  value  of  E  in  that  formula,  which  then 
becomes: 

I   __    I  48  KE  r  F,  cfH 

~  factor  of  safety. 
It  will  be  seen  that  the  actual  result  of  this  formula  is  to  give  the 

ratio  corresponding  to  a  given  average  load  per  square  inch  for 

material  in  which  the  maximum  compressive  fiber  stress  is  limited  to 
F^,  and  for  which  the  value  of  the  modulus  of  elasticity  is  taken  to  be 
K  Ey  instead  of  the  actual  value  E  pertaining  to  the  material. 

The  use  of  the  coefficient  K  in  this  manner  has  an  inappreciable 
infiuence  on  the  results  of  the  formulas  when  applied  to  short  columns, 
while  its  effect  gradually  increases  with  the  length,  ultimately  aflbrd- 
ing  a  factor  of  safety  of  3,  against  failure  by  instability,  in  the  case  of 
exceedingly  long  columns,  and  the  factor  of  safety  against  ultimate 
strength  is  fairly  even  between  these  extremes. 

Table  No.  3  g^ves  the  resulting  formulas  reduced  by  the  insertion 

of  suitable  values  of  — ~-,  F.  and  K  E. 

For  fixed-ended  columns  the  values  of  —  obtained  by  the  formulas 
in  Table  No.  3  are  to  be  doubled,  or  in  other  words,  for  a  given  strength, 
a  fixed-ended  column  is  twice  as  long  as  a  round-ended  or  pivot-ended 
one. 

For  flat-ended  columns,  the  relation  between  the  strength  and  the 

ratio  —  is  the  same  as  for  fixed-ended  columns,  up  to  the  point  when 

incipient  tension  is  the  controlling  factor,  and  it  is  then  necessary  to 
use  the  modified  formulas  as  previously  described  for  that  condition, 
except  that,  as  we  are  now  dealing  with  safe  working  loads,  the  coeffi- 
cient of  safety  K  must  be  Inserted  in  Formula  (9),  which  then 
becomes 


-L=2 
r 


|48Jiri-(i--^) 
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-i.  =  2.188 

r 


Ni/d 


Curvet  of  Safe  Dead  Loads  per  square  inch 

for  "Centrally"  Loaded.  Columns; 

Round  Ends  and  Fixed  Ends. 


ratio:  lenotm -r- least  radius  of  gyration. X 
Fxo.  49. 


Curves  of  Safe  Dead  Loads  per  square  inch 
for  "Centrally"  Loaded,  Flat-Ended  Columns. 


ratio:  length  -i-  least  radius  of  oyratioNi.J_flat  ends, 


^ 


Fio.  60. 


The  results  of  the  yarious  reduced  formulas  for  working  dead  loads 
in  Table  No.  3  for  round-ended  columns,  and  of  the  modifications 
aboye  stated  for  fixed  and  flat-ended  columns,  are  shown  on  yarious 
diagrams  accompanying  the  paper,  and  are  also  shown  in  Figs.  47,  48, 
49  and  50,  drawn  to  a  larger  vertical  scale  for  convenience  in  use. 


Digitized 


byGoogk 


410  '    HOnCBIBFF  OK  THE  PRACTICAL  COLITXN.  [Ftapen. 

With  regard  to  the  curyes  for  working  dead-loads  on  fixed-ended 
and  flat-ended  colnmns,  it  mnst  be  remembered  that  in  a  laboratory 
or  test-room  experiment  on  a  fixed  or  flat-ended  column,  the  oondi- 
tions  of  end  fixing  are  totally  different  from  those  met  in  ordinary 
practice.  The  rigidity  of  the  testing  machine,  bearing  faces,  as  com- 
pared with  the  colnmn  under  test,  is  far  greater  than  is  afforded  by 
any  end  bearing  or  connection  in  practice,  and  for  this  reason  it  is 
well  not  to  count,  in  actual  work,  upon  such  high  strengths  as  are 
indicated  by  experiment. 

The  only  modification  necessary  in  dealing  with  live  loads  or 
moying  loads  instead  of  the  .dead  loads  for  which  the  stresses  adopted 
in  Table  No.  3  are  suitable,  consists  obviously  of  a  reduction  in  the 
yalue  of  F^  or  F^,  and  an  increase  in  the  yalue  of  K,  although  in  the 
writer's  practice  he  adopts  the  method  of  increasing  the  moying  load 
by  a  suitable  percentage,  dependent  on  the  character  of  the  load,  and 
then  treats  the  result  as  a  dead-load  equiyalent. 


Columns  Unbeb  Intentionally  Ecobntbig  Loads. 

The  experimental  data,  to  which  reference  can  be  made  in  regard 
to  columns  on  which  the  load  is  imposed  with  large  eccentricity  as 
compared  with  the  size  of  column,  are  exceedingly  few,  and  as  far  as 
the  writer  is  aware,  are  limited  to  the  tests  by  Tetmajer  (Figs.  24  and 
25) ;  but  as  the  theoretical  principles  upon  which  the  formulas  are 
based  are  those  in  common  use  and  acceptance  in  all  cases  inyolying 
transyerse  bending  simply  combined  with  the  influence  of  direct 
loading,  there  can  be  no  more  hesitation  in  applying  them  to  columns 
than  there  is  in  any  case  of  simple  bending. 

In  making  use  of  the  formulas  in  practice,  it  is,  however,  not  only 
sufficient  to  take  into  account  the  actual  measured  eccentricity  and 

the  yalue  of  —^  as  fixed  by  the  section,  but  allowance  should  be  made 
for  the  **  accidental  "  yalue  of  — |-,  as  dealt  with  in  the  case  of  pre- 


c  f 
This  being  the  case,  it  will  be  necessary  to  add  the  yalue  of  — j-  = 


sumably  central  loading. 
This  being  the  case,  it 
0.6,   as  determined  for  centrally  loaded  columns,  to  the  measured 
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c  s 
valae  of   — ^,   as  obtained  from  the  intended   eccentricity  e,  and 

the  dimensions  and  form  of  the  sections  Tvhich  fix  the  value  of  -r-. 

In  this  way  a  perfectly  rational  recognition  is  g^ven  to  the  form  of 
Section  in  precisely  the  same  manner  as  in  the  case  of  beams  nnder 

simple  flexure,  and  the  formulas  for  the  relation  between  the  ratio  — 

and  the  average  load  per  square  inch  for  a  free-ended  column  carrying 
an  eccentric  load  thus  become,  for  safe  working  loads, 

where  F^  is  the  maximum  allowable  working  fiber  stress  in  compres- 
sion, or 

where  Fi  is  the  maximum  allowable  tensile  fiber  stress  (and  being 
tensile  it  must  be  accorded  the  minus  sign  independently  of  the  fixed 
signs  in  the  formula,  as  has  been  pointed  out  previously). 

These  formulas  again  reduce  to  very  simple  expressions  when  the 

C  B 

values  of  K  E^  F^.  or  F^  and  — j  are  inserted,  as  will  be  seen  by  the 

following  application  to  mild  steel,  using  the  same  values  for  the 
various  quantities  as  adopted  for  '*  centrally  "  loaded  columns. 

Since  the  maximum  compressive  stress  actually  developed  in  a 
column  of  symmetrical  section  always  exceeds  the  maximum  tensile 
stress,  it  will  not  be  necessary,  in  the  case  of  mild  steel,  to  use  the 
formula  containing  the  value  of  maximum  allowable  tensile  stress  Fi^ 
as  this  may  be  taken,  for  this  material  under  working  loads,  as 
having  the  same  value  accorded  to  i^^,  the  allowable  compressive  fiber 
stress. 

In  the  case  of  cast  iron  it  will,  of  course,  be  necessary  to  use  both 
expressions,  and  to  adopt  whichever  gives  the  lower  value  to  the  ratio 
/ 


—  for  any  g^ven  load/^. 
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The  formula,  then,  for  the  following  yalues  of  f^  +  0. 6 j  inserted 

will  be  for  mild-steel  columns  of  symmetrical  section,  caixying  dead 
loads,  using  10  000  lbs.  as  a  unit  for  E,  F^  and/^: 

/  I      480       y2.4        -V 

/  I      480      /2.4       ^x 

The  working  out  of  these  yalues  of  the  formula  is  shown  by  the 
curves  on  Fig.  51. 

A  reference  to  the  remarks  previously  made  in  connection  with  Fig. 
24  will  show  that  in  dealing  with  columns  of  unsymmetrical  section 
it  may  be  necessary  to  consider  the  question  of  tensile  stress,  and  to 
use  the  modification  of  the  formula  suitable  to  such  conditions. 

Columns  Subjected  to  Side  Loads. 
The  effect  of  a  side  load  in  addition  to  the  end  load  on  a  column  is 
easily  traced  by  the  aid  of  the  principles  and  formulas  in  the  foregoing 
pages.     To  illustrate  this  it  will  be  convenient'to  take  a  direct  example. 
Assume  a  mild-steel  column  with  pivot  ends,  and  having  the  fol- 
lowing particulars: 

/  =  100  ins.  =  length, 
7=10  ins.* 
r  =  1  in. 

c  =  2.5  Ins.,  from  axis  to  extreme  fibers. 
Sectional  area  =  10  sq.  ins., 

JS:=30  000  0001b8.; 
and  assume  the  side  load  to  be  4  000  lbs.,   distributed  along  the 
column's  length. 

This  will  produce  a  banding  moment  at  the  center, 

j^      4  000  lbs.  X  100  ins.       .^  ^^  .     , 

M= =  50  000  inch-pounds, 

and  the  resulting  maximum  fiber  stress  will  be 

.      Mc       50000x2,5       ^...^1,  .     , 

/  =  -J-  = ^^ =  ±  12  500  lbs.  per  square  inch. 
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The  side-loal  bending  moment  diagram  will  haye  a  parabolic  out- 
line, as  shown  in  Fig.  52,  the  central  depth  being  50  000  inch- 
pounds  to  any  convenient 
scale. 

Treating  each  half  of 
the  column  (or  beam)  as  a 
cantilever,  with  respect  to 
its  central  section,  the 
deflection  at  the  center  will  be 


Fio.  58. 


and  therefore, 
=  0.1736  in. 


AX 

where  u4  =  50  000  x  50  ins.  x  {,  and  X  =  f  of  50  ins. 

^  (50  000  X  50  X  i)  X  i  of  50) 
^  ~"  30  000  000  X  10 

In  order  to  determine  the  deflection  of  the  column  under  end  loads 
it  is  now  only  necessary  to  treat  it  in  precisely  the  same  way  as  already 
indicated  for  a  column  having  an  initial  curvature,  with  the  value  of 
central  versed  sine,  v  =  0.1736  in.,  keeping  in  view,  when  considering 
its  strength  as  against  end  loads,  that  we  have  already  absorbed  12  500 
lbs.  of  the  allowable  maximum  fiber  stress. 

In  the  present  case  it  is  not  difficult  to  determine  the  precise 
theoretic  form  of  the  curve  assumed  by  the  bent  column  under  its 
side  load  alone,  this  curve  depending  on  the  disposition,  of  the  load. 

In  practical  work,  however,  it  is  not  necessary  to  go  to  this  degree 
of  accuracy,  and  we  may  assume  the  curve  to  be  a  parabola,  without 
involving  any  serious  error,  and  the  justification  is  found  in  the  fact 
that  had  we  assumed  the  side  load  to  be  concentrated  at  the  center, 
the  assumption  of  a  parabola  instead  of  the  precise  curve  taken  by 
the  bent  column  would  only  involve  an  excess,  as  regards  its  influence 
on  the  deflection,  of  a  little  over  4  per  cent.  As  compared  with  the 
curve  produced  by  a  distributed  load,  the  parabola  would  have  a 
much  less  difference  than  even  that  named. 

In  order  to  make  the  comparison  between  the  column  with  side 
load,  and  one  of  ordinary  character  with  presumably  central  loading, 
it  will  be  necessary  to  treat  both  on  the  same  lines  as  far  as  possible, 
and  in  calculating  the  safe  dead  load  on  the  centrally  loaded  column, 
we  have  limited  the  maximum  flber  stress  to  24  000  lbs.  per  square 
inch,  and  have  at  the  same  time  used  a  value  of 
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KE= s =  10  000  000  lbs., 
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And  also  a  yalne  of  —^  =  0. 6. 

These  same  yalnes  mnst  be  used  also  in  the  side-loaded  columns 
AS  regards  the  influence  of  the  end  loads  at  least. 

C  € 

The  yalue  of  — =-  =  0.6,  in  the  case  of  this  column  with  a  radius 

of  gyration  =  1  in.,  corresponds  to  an  equivalent  eccentricity  of 
0.24  in.,  and  we  thus  have  a  column  with  an  initial  curvature  measured 
by  a  versed  sine  of  v  =  0, 174  in.  and  an  eccentricity  of  loading  e  = 
0.24  in.,  and  making  use  of  Formula  (3)  (with  K  inserted)  to  deter- 
mine the  deflection  caused  by  different  values  of  the  end  load,  P, 
we  have 

S(KE)  I—2Pryx 

We  have  already  assumed  the  curve  of  the  bent  column,  from  both 
side  and  end  loads,  to  be  a  parabola,  and  the  values  of  2  yi  o^i  and 

2  y  a;  will  each  be  (  2  x  -5-  X  ■ir)  =  -^»  ^^^^l,  inserting  these  and  the 

values  of  the  other  factors  in  the  formula,  we  have: 


J  =  . 


J  = 


p  X  10  000  (0.24+  |-  X  0.174) 


0.462  P 
=  96  000  —  P 


(8  X  10  000  000  X  10)  —  /-l  p  X 1 000) 

for  the  elastic  deflection  of  this  column  under  any  end  load  P. 


ms.. 


TABLE  No.  4. 


P,  in 
pounds. 

0.462  P 

n^n^i«»  «»r>     Maximum 

Direct  stress. 

Pounds  per 
square  inch. 

fiber  stress 

from 

side-load 

bending 

moments. 

Pounds  per 

square 

inch. 

lOUU 

maximum 
compress- 
ive fiber 

stress. 
Pounds  per 

square 

inch. 

-96000  —  P 

(0.414  -h  a; 
inch-pounds. 

moments. 
Pounds  per 
square  inch. 

80  000 
8S000 
84  000 
86  000 
8S000 
40  000 

0.21 

0.281 

0.268 

0.277 

0.806 

0.88 

18  720 
20  640 
22  680 
24  880 
27  240 
29  760 

4  680 
6  160 
6  670 
6220 
6  810 
7440 

8000 
8200 
8400 
8600 
8800 
4000 

12  600 
12  500 
18  600 
12  500 
12  600 
12  600 

20  180 

20  860 

21  570 

22  820 
28  110 
28  940 
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The  bending  moment  at  the  center  of  the  oolnmn,  from  end  loads 
alone,  ^nllhe  M  =  P  (e  +  v  +  J)  =  P  (0.24  +  0.174  +  J) 

=  P  (0.414  + J)  ins.; 
and  now  calculating  the  deflections,  bending  moments,  and  resnlting^ 
maximum  fiber  stresses  caused  by  the  end  loads,  and  combining  them 
with  the  maximum  fiber  stress  of  12  500  lbs.  caused  by  the  end  loads 
alone,  we  have  the  results  given  in  Table  No.  4. 

From  these  results  we  see  that  with  an  end  load  of  4  000  lbs.  per 
square  inch,  the  maximum  fiber  stress  reaches  the  limiting  value  of 
24  000  lbs.  per  square  inch,  and,  on  referring  to  Fig.  47,  we  find  thai 
with  the  presumably  centrally-loaded  column,  under  the  same  basis  of 

calculation,  the  safe  load/,  would  be  (for  the  ratio  —  =  100)  7  000  lbs. 

T 

per  square  inch,  or  in  other  words,  the  side-load  has  reduced  the  safe- 
end-load  by  nearly  43  per  cent. 

The  foregoing  calculations  will  serve  to  illustrate  the  proper  mode 
of  treating  the  conditions  met  with  in  side-loaded  columns,  although 
they  have  been  applied  to  a  column  of  such  proportions  as  would  rarely 
be  trusted  to  carry  any  appreciable  amount  of  side-load  other  than  ita 
own  weight. 

The  values  of  I,  r  and  c,  and  the  sectional  area  assumed,  are  roughly 
those  of  a  rolled  girder  section  12  ins.  x  5  ins.  x  33  lbs.  per  foot. 

The  formulas  were  reduced  by  the  writer  in  1896  and  1897,  for  use 
in  his  own  practice,  and  he  hopes  that  the  results  given  in  this  paper 
may  be  found  to  be  fairly  in  accordance  with  the  leading  principles 
set  forth  in  the  opening  sentences  as  being  those  with  which  a  column 
theory  and  its  resulting  formulas  should  comply,  at  least  from  the 
point  of  view  of  the  practicing  engineer  rather  than  that  of  the  pure 
mathematician . 

The  question  of  the  proper  construction  of  columns  so  as  to  ensure 
the  full  development  of  the  strength  which  may  rightfully  be  expected 
from  any  given  section,  is  one  which  has  not  been  dealt  with  herein, 
although  it  is  certainly  of  the  greatest  importance,  in  view  of  the 
inferior  types  sometimes  adopted  in  present-day  practice. 

Of  these  inferior  types  the  writer  would  especially  draw  attention 
to  one  which  appears  to  be  in  more  common  use,  and  that  is,  the 
column  with  batten-plate  connections  between  the  main  members 
forming  the  column,  as  a  substitute  for  a  properly  constructed  web» 
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and  a  reference  to  the  illustrations  of  the  failure  of  a  bridge  in  Servia,* 
will  give  ample  eyidence  of  the  inefficiency. of  the  type.  Its  inferiority 
cannot  be  questioned  in  the  case  of  columns  carrying  eccentric  loads, 
or  having  to  resist  shearing  stresses  from  side  wind-loads  as  in  some  of 
the  lofty  buildings  constructed  in  America. 

The  writer  is  conscious  that  in  these  pages  there  will  be  found  (and 
necessarily  so)  many  points  of  resemblance  and  identity,  both  in  views 
and  in  their  expression,  with  the  contributions  of  others,  and  he  desires 
to  acknowledge  his  indebtedness  to  the  numerous  writers  from  whose 
papers  he  has  drawn  information  and  assistance. 

While,  from  a  strictly  mathematical  point  of  view,  objections  may 
possibly  be  raised  to  the  reasoning  and  results  in  this  paper,  yet  if  a 
close  comparison  be  made  with  more  highly  analytical  investigations, 
it  is  believed  that  the  differences  from  the  latter  will  be  found  to  be  of 
little  importance  in  any  practical  sense. 

The  writer  was  impelled  to  attempt  the  deduction  of  new  formulas 
by  having  to  design  a  number  of  columns  to  carry  heavy  loads  with 
exceptionally  large  eccentricity,  for  which  condition  he  could  find  no 
theory  or  formulas  sufficiently  simple  and  easy  of  application  under 
varied  circumstances. 

The  concentration  of  such  a  large  mass  of  scattered  experimental 
evidence  will,  it  is  hoped,  be  of  sufficient  value  to  justify  the  labor 
involved  in  its  collection,  examination  and  arrangement  in  diagram 

form.  

•  Enffineering,  February  8d,  189B. 
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RIVER  HYDRAULICS. 
Discussion.* 


By  L.  J.  Messrs.  Lb  Comte  and  James  A.  Seddom. 


Mr.  LeConte,  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.  (by  letter).— It  has  been  gen- 
erally known  that  there  exists  a  large  amonnt  of  valuable  information 
on  the  files  of  the  several  district  offices  in  the  Mississippi  Valley  which, 
from  lack  of  fnnds,  has  never  been  properly  studied  and  digested  by 
any  competent  person.  The  author  has  undertaken  this  task,  and  has 
presented  many  facts  and  important  conclusions. 

He  brings  out  strongly  the  important  feature  that  local  slope 
is  of  no  importance  in  the  formulas  for  stream  flow,  because  it  is  an 
unstable  as  well  as  a  secondary  result  of  local  changes  in  cross-sec- 
tion ;  and  since  the  cross-sections  themselves  are  constantly  changing, 
the  local  slope  also  changes  correspondingly,  and  yet  the  discharge 
remains  constant  all  along  the  entire  reach.  These  potent  facts  show 
how  careful  an  engineer  should  be  in  selecting  the  upper  and  lower 
limits  of  the  characteristic  reach,  in  order  to  ascertain,  for  the  entire 
reach,  the  true  average  fall,  the  true  mean  characteristic  depth,  and 
the  corresponding  constant  discharge.  That  is  to  say,  he  must  not 
allow  himself  to  be  misled  by  any  non -characteristic  local  slope  or 
cross-section,  their  lack  of  stability  being  in  itself  sufficient  evidence 
of  their  secondary  character.  As  an  extreme  case,  showing  the  lack 
of  influence  of  surface- slope,  we  have  at  Donaldsonville  an  actual 

•Continued  frem  February,  1986,  Proceedings.  See  October,  18W,  Proceedings,  for 
paper  by  James  A.  Seddon,  M.  Am.  Soc.  C.  £.,  on  this  subject.  Under  the  rules  for 
publication,  additional  discussion  on  this  paper  received  prior  to  April  27th,  1900,  will  be 
published  with  the  paper  in  the  next  volume  of  Transactions. 
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reyerse-slope  extending  up  the  river  for  20  miles  or  more,  and  yet  the  Mr.  Le  Conte. 
great  quantity  of  water  moves  down  the  river  with  the  same  discharge 
as  where  the  slope  is  down  stream. 

The  author's  system  of  triple  gauges  at  each  station  is  certainly  the 
most  rational  device,  and,  at  the  same  time,  g^ves  the  best  and  quickest 
results.  The  amount  of  useful  information  which  can  be  obtained  by 
means  of  such  simple  apparatus  is  remarkable. 

The  author's  comments  on  levee  effects,  in  always  lowering  the 
low-water  plane  and  thus  facilitating  flood-water  propagations  down 
the  river,  will  be  welcome  news  to  river  engineers  as  well  as  riparian 
land  owners.  It  is  a  matter  of  paramount  importance  in  reclamation 
works,  and  should  command  the  closest  attention.  The  whole  story 
is  shown  in  an  indisputable  form  by  a  study  of  the  discharge  scales  for 
the  past  ten  years. 

The  author's  statement  of  the  facts  pertaining  to  flood  movement 
and  his  mathematical  deductions  therefrom  are  certainly  interesting 
and  valuable.  The  full  value  of  their  bearing  upon  the  actual  flatten-v 
ing  out  of  the  flood  waves  and  the  correspondingly  rapid  flood-propa- 
gation down  the  river  channel  are  matters  of  great  importance  when 
dealing  with  large  rivers,  and  the  writer  thinks,  that  at  least  in  the 
lower  divisions,  even  of  rivers  of  ordinary  size,  the  influence  of  this  flood- 
pulse  has  been  largely  underestimated.  The  author  emphasizes  the 
fact  that  in  the  Lower  Mississippi  the  prodigious  flood-movement 
cannot  be  explained  by  the  direct  flow  of  the  waters  down  stream,  be- 
cause the  flood-wave  crest  travels  down  the  river  four  times  as  fast  as 
the  water.  This  feature,  together  with  the  mathematical  deductions, 
shows  unmistakably  that  a  close  relation  exists  between  these  flood- 
propagation  phenomena  and  the  laws  governing  tidal  propagation  in 
shallow  estuaries  and  tidal  rivers;  the  only  difference  being  that  the 
flood-pulse  originates  in  the  upper  river  and  is  propagated  down 
stream,  while  the  ordinary  tidal-pulse  originates  in  the  ocean  and  is 
propagated  up  stream  against  the  flow  of  the  current. 

It  is  to  be  hoped  that  the  author  will  continue  to  give  us  informa- 
tion in  this  line  and  thus  enable  us  to  weed  out  the  weak  points  in 
existing  standard  formulas 'based  on  experiments  of  small  scale. 

James  A.  Seddon,  M.  Am.  Soc.  C.  E.  (by  letter). — From  the  Hmited  Mr.  Seddon. 
discussion  offered,  the  writer  has  come  to  question  whether  he  really 
has  succeeded  in  making  the  hydraulic  system,  presented  in  his  paper, 
as  clear  as  he  thought  he  had.  As  the  field  of  river  data  has  in  it  cer- 
tainly a  good  deal  of  brush  wood,  in  which  even  the  trained  investi- 
gator may  lose  himself  utterly  for  a  time,  and  which  probably  deters 
many  from  ever  entering  it,  the  writer  has  concluded  that  he  can  best 
serve  the  purposes  of  a  discussion  by  presenting  briefly  the  outline  of 
his  system  in  its  application  to  a  simpler  case,  and  one  with  which  en- 
gineers are  more  generally  familiar. 


Digitized 


byGoogk 


420 


DISCUSSION  ON  BIVEB  HYDRAULICS. 


[Papers. 


Mr.  Seddon.  Assuming  for  this  a  flume,  say  5  ft.  wide,  set  on  some  uniform  grade, 
which  it  is  not  now  necessary  to  consider;  and  taking  10  000  ft.  of  it  as 
the  reach  through  which  obseryations  are  to  be  made;  automatic 
gauges  with  zeros  at  the  bottom  of  the  flume  set  at  the  upper  and 
lower  end  of  it;  the  water  run  out  and  the  whole  thing  ready  for  the 
experiment. 

The  flow  then  wonld  be  started,  very  little  at  first,  increasing 
steadily  until  the  flume  was  running  full  for  a  time,  and  then  gradually 
shut  off  and  the  water  again  drained  out  of  it.  During  this  time  the 
records  of  the  two  gauges  would  be  the  only  data  required  to  deter- 
mine the  discharge  of  the  flume  at  any  and  every  level  and  through  all 
these  variations  of  slope  found  in  its  filling  and  emptying. 

For  instance,  each  automatic  gauge  would  trace  the  changing  level 
to  a  common  time  scale,  and  should,  of  course,  be  set  accurately  to 
•  give  this  from  the  bottom  of  the  flume,  enlarged  if  necessary,  and  so 
proportioned  to  the  time  scale  as  to  mark  the  coincident  time  and  level 
most  distinctly.  Then,  say,  from  the  trace  of  the  rising  level  at  each 
gauge,  the  data  of  Columns  (1),  (2)  and  (3)  in  Table  No.  2  are  taken. 

TABLE  No.  2. 


TiMB    AT    WHICH    LBVBL    IB 

of  time,  in 
seconds. 

=  AT. 

Discharge 

Water  level 
in  flume  A, 

Reached  ok  Gauges. 

10  000' 
A  T 
=  m. 

m  X6 
=  mW. 

in  cubic 
feet  per 

In  feet. 

second 

Upper  gauge. 

Lower  gauge. 

(*) 

(1) 

(») 

(3) 

(») 

(6) 

(») 

0.1 

6  00  00  A.M. 

884  20  a.m. 

9200 

1.06 

6.4 

0.6 

0.8 

6  40  00    •" 

86480    ^' 

8070 

1.24 

G.2 

1.7 

0.6 

73000    *' 

919  00    " 

7140 

1.40 

7.0 

8.0 

1.0 

810  00    " 

94240    '' 

6660 

1.80 

9.0 

7.0 

1.5 

90000    »» 

1015  60    " 

4660 

2.20 

11.0 

12.0 

2.0 

10  00  00    " 

110410    " 

8860 

2.00 

18.0 

18.0 

8.0 

180000    M. 

12  49  00  P.M. 

2940 

8.40 

17.0 

88.0 

4.0 

2  00  00  P.M. 

2  89  40    '' 

2880 

4.20 

21.0 

62.0 

6.0 

40000    " 

43820    " 

2000 

5.00 

26.0 

75.0 

From  this,  Columns  (4),  (5)  and  (6)  are  readily  computed;  and, 
platting  these  values  of  m  TT  to  k  gives  the  line  shown  on  Fig.  18, 
which  is  expressed  by  the  empiric  equation  7w  Tr  =  5  -|-  4  h. 

Then  from  Equation  11, 

an 
and  integrating, 

g  =  5  ^  +  2  ;**  Hz  c. 

In  the  more  general  case,  where  h  is  the  stage  scale  and  is  taken 
from  a  zero  at  an  arbitrary  low  water,  c,  the  constant  of  integration, 
is  simply  the  regular  discharge  of  the  river  at  that  level,  upon  which 
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the  yariations  of  discharge  given  by  the  flood  moYement  are  imposed.  Mr.  Seddon. 
Bnt  here,  where  h  is  taken  from  the  bottom  of  the  flume,  and  the 
values  of  Q  and  h  become  zero  together,  c  is  then  zero,  and  the  com- 
plete discharge  equation  is  Q  =  6  ^  +  2  ^^,  from  which  the  values  of 
Q  given  in  Column  (7)  are  computed,  and  platted  on  Fig.  18  show  the 
discharge  curve  as  determined. 

This,  of  course,  is  merely  an  illustration,  and  may  not  correspond 
with  any  actual  case;  and,  indeed,  no  case  is  actually  fixed  until  the 
grade  of  the  flume  is  given,  which  has  not  yet  been  even  considered. 
It  simply  presents  the  process  of  determining,  in  a  channel  of  given 
dimensions,  a  whole  discharge  sequence  at  once  merely  with  the 
records  of  two  gauges. 

Neither  does  the  writer  claim  that  it  is  a  better  measure  of  the  dis- 
charge here  than  the  ordinary  method  of  observing  the  velocity  at  a 
number  of  points  in  the  section  and  from  these  computing  the  flow;  or 
the  alternative  of  running  a  steady  flow  into  a  basin  of  a  given  size, 
and  from  the  filling  in  the  period  calculating  the  discharge.  Con- 
sidering the  wide  range  of  discharge  values  which  the  proposed 
method  covers  in  a  single  operation,  with  no  meters  to  rate  or  ob- 
servers' errors  to  question,  and  the  whole  thing  reduced  with  little 
more  work  than  that  of  a  single  discharge  observation,  if  the  writer 
had  any  experiments  on  the  flow  of  conduits  or  flumes  to  make,  he 
would  certainly  try  it.  But,  until  it  is  tried,  he  is  not  ready  to  con- 
sider its  precision.  All  this  rests  upon  the  precision  with  which  the 
time  element  involved  in  m  may  be  determined,  and  is  a  matter  yet  to 
be  tested. 

But  this  is  not  an  untried  field  in  the  writer's  studies  of  rivers. 
He  has  shown  that  here  in  favorable  cases  m  may  be  determined 
within  Hmits  hardly  exceeding  \%,  and  even  on  the  Missouri  probably 
close  to  3  per  cent.  This  has  been  done  also  simply  with  the  ordinary 
gauge  data,  and  how  unsuitable  this  is  for  such  determinations  should 
be  understood.  In  the  first  place,  the  gauge  observers  are  local  men 
employed  in  other  occupations  and  paid  a  small  sum  monthly  to  take 
the  readings  and  send  them  to  the  different  offices,  and  there  is  no 
guarantee  that  they  do  not  generally  read  their  gauges  earlier  or  later 
than  the  set  time  by  an  hour  or  so,  as  suits  their  convenience.  Again, 
the  water  surface  is  frequently  quite  rough,  and  even  the  most  careful 
man  may  make  a  mistake  of  a  tenth  or  more  in  estimating  its  level, 
with  waves  running  a  foot  high.  And,  finally,  the  gauges  themselves 
are  often  set  with  no  nice  regard  for  any  real  precision  in  their  read- 
ings, taking  in  the  pulse  of  an  eddy,  or  the  extreme  variations  of  slope 
through  a  bridge  span,  and  in  the  case  of  cable  gauges,  all  the  tem- 
perature errors  incident  to  measuring  down  from  the  lower  cord  of  a 
bridge  to  the  water  surface  with  a  weight  at  the  end  of  a  wire. 

The  precision  attained  in  the  determination  of  m,  with  such  data, 
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Mr.  SeddoD.  leaves  no  doubt  whatever  that  surf  ace  observations,  planned  and 
taken  with  that  specially  in  view,  would  bring  this  proposed  measure 
of  discharge  into  a  field  of  more  reliable  and  exact  data  than  the  best 
that  has  jet  been  taken,  not  to  speak  of  the  whole  mass  collected, 
which  now  requires  years  of  study  to  sift  in  order  to  form  some  idea  of 
what  is  reliable  in  it. 

This,  however,  is  simply  the  case  where  the  dimensions  of  the 
channel  are  g^ven.  In  tidal  rivers,  for  the  determination  of  their 
peculiar  form  of  discharge  curves,  with  a  zero  at  both  the  upper  and 
lower  levels  joined  by  plus  and  minus  branches,  probably  this  process 
would  be  all  that  was  wanted.  But  in  other  rivers  it  may  be  desirable 
to  first  calculate  dimensions;  and  going  back  to  the  flume  to  consider 
such  a  case  it  is  plain  that  the  discharge  curve  of  Fig.  18  is  not  the 
curve  for  the  head  of  the  reach  nor  the  foot  of  it,  but  for  some  inter- 
mediate average;  and  that  this  again  changes  with  the  grade  of  the 
flume  and  different  rates  of  filling  and  emptying. 

The  only  constant  in  the  matter  *»ie  ofmw 

with  a  set  grade  is  the  interme- 
diate value  of  discharge  between 
equal  rates  of  rise  and  fall,  or  the 
uniform  flow  at  the  different  levels,  ^ 
and  this  corresponds  to  the  meanf 
of  the  rising  and  falling  flood « 
movements.  In  the  case  of  the  3 
flume,  very  possibly,  accurate 
dimensions  might  be  determined 
with  simply  rising  discharges  ob- 
served in  the  middle  of  the  reach 
and  the  coincident  flood  move- 
ments through  it;  but  in  the  river,  where  a  general  stage  scale  for  the 
reach  is  also  to  be  gotten,  the  process  of  standard  curves  and  mean  m* 
is  preferable. 

However,  the  dimensions  once  determined  in  this  way,  if  the  form 

of  the  river  is  fixed,  W  at  any  time  in  the  equation  y^  =  m  Wis  given^ 

and  simply  measuring  m  then  will  settle  all  questions  of  what  effects 
the  larger  slope  on  the  rise  and  the  less  on  the  fall  may  have  in  that 
reach.  So  far  as  his  own  studies  go  with  these  rivers  of  fixed  regimen, 
the  writer  would  say  that  one  reach  may  show  these  effects  and  the 
next  may  not;  and  that  this  depends  on  whether  a  general  slope  controls 
the  flow  there  or  special  sections.  But  it  is  certainly  a  field  that  needs 
further  observations. 

In  a  general  way,  also,  the  same  may  be  said  of  alluvial  rivers.  But 
since  the  writer  in  1885  turned  a  given  flow  down  an  inclined  plane 
covered  with  river  sand,  and  found  that  it  came  to  about  the  same 
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yelooity  no  matter  what  inolination  he  gaye  it,  he  has  given  up  trying  Mr.  Seddon. 
to  explain  all  the  phenomena  of  allnyial  river  flow  with  velooity-slope 
relations.     And,  indeed,  he  thinks  it  is  well  here  for  every  investigator 
to  first  try  and  see  broadly  what  slope  does  not  explain  before  he  puts 
any  great  amount  of  time  into  fitting  local  data  thereto. 

Take  a  case  from  the  Arkansas  City,  1884>86,  discharges  illustrating 
it  with  Fig.  19,  in  which  scales  are  ignored  for  the  sake  of  bringing  the 
matter  ont  dearly.  It  is  seen  that  this  change  of  plane,  or  different 
levels  of  the  same  discharge  in  the  first  and  second  periods,  comes  in 
between  Helena  and  Arkansas  City  and  from  there  on  is  conthinons  to 
Yicksbnrg.  If  the  different  slopes  on  the  rise  and  fall  are  taken  to 
explain  it  from  Arkansas  City  down,  it  must  at  the  same  time  be  ex- 
plained how  this  flood  with  about  the  same  slope  differences  shows  no 
such  marked  change  in  the  discharge  levels  from  Cairo  to  Helena. 
And,  further,  in  the  same  connection,  while  the  writer  does  not  draw 
conclusions  from  the  data  of  single  sections,  it  may  yet  be  noted, 
that  Mr.  Starling's  coefficients*  for  this  Arjkansas  City  section,  with 
these  slope  differences] 
taken  into  accountr  show  S  i 

an  even    more    marked  "^ 
difference  between   the 
two  periods   than  that  "^"^^^l^^L? 

given  by  the  discharges. 

The  writer  calls  this 
a  change  of  plane,  and, 
following  the  flood  from 
Cairo  down,  as  he  finds 

no  general  difference  of  ^^°'  ^^* 

any  such  magnitude  that  he  can  assign  to  the  varying  slopes  of  the 
rising  and  falling  river,  he  does  not  recognize  them  as  the  cause  of  it. 
He  does  not  mean  that  such  effects  are  not  there,  but  simply  that  they 
are  not  in  this  proportion.  But  these  are  not  the  only  changes  of  slope 
involved  in  the  matter.  In  Fig.  19  a  change  in  the  slope  of  the  dis- 
charge levels  from  Helena  is  shown,  and  it  has  been  stated  that  this 
corresponds  roughly  with  a  flood  out  of  the  Arkansas.  It  should  also 
be  noted  that  in  such  a  period  when  the  discharge  is  600  at  Helena  it 
may  be  700  to  800 at  Arkansas  City;  and  this  change  in  the  discharge 
level  is  then  but  a  fraction  of  the  actual  change  in  the  surface  slopes 
leading  down  to  it.  Had  Mr.  Starling,  in  place  of  taking  his  slopes 
from  Arkansas  City  to  Greenville,  taken  them  from  above  to  the 
mouth  of  White  River,  where  this  change  really  comes  in,  he  would 
have  found  a  much  better  ground  on  which  to  base  these  discharge 
differences. 


*  ''  The  Discharge  of  the  Mississippi  River/'  Tranmctions^  Am.  Soc.  C.  E.,  Vol. 
zzxlT,  Fig.  90. 
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Mr.  Seddon.  But  why,  when  sach  a  change  has  once  come  into  the  river,  it  seems  to 
hold  for  a  considerable  time  after  the  tributary  flood  has  run  out,  and 
is  continuous,  apparently  without  change  in  its  magnitude,  for  hun- 
dreds  of  miles  down,  are  matters  which  the  slopes  do  not  explain. 
However,  to  answer  Mr.Todd*s  question  of  what  the  writer^s  system  of 
corrections  is:  He  will  have  to  call  them,  for  the  present,  simply  accu- 
mulated experience  of  where  and  under  what  conditions  such  changes 
are  likely  to  come  in,  and  their  probable  magnitudes.  He  does  not 
feel  that  he  has  quite  gotten  to  the  bottom  of  this  phenomenon,  and  is 
not  ready  to  say  that  any  single  cause,  that  is  altogether  satisfactory, 
can  be  assigned  to  it. 

Going  back,  however,  to  the  flume  for  comparison,  it  may  be  seen 
that  while  the  general  grade  in  the  alluvial  river  is  also  fixed;  it  is 
still  the  case  where  at  any  location  the  bottom,  or  the  zero  of  discharge, 
from  time  to  time  may  be  shifted.  Simply  shifting  the  discharge 
curve  as  a  whole  up  or  down,  the  writer  has  found  covers  at  least  the 
greater  part  of  the  phenomena;  and  as  this  is  done  in  a  minute,  and 
records  definitely  the  change  in  both  its  extension  of  time  and  length 
of  river,  it  suits  his  method  of  first  collecting  facts  on  which  to  build 
his  theories.  It,  of  course,  makes  the  problems  more  complicated, 
but  he  has  indicated  the  general  methods  of  meeting  them,  and  that  is 
as  much  as  can  expected  in  a  new  field  such  as  this  is.  That  where 
such  changes  occur,  the  slope  is  altered,  is  evident,  but  the  writer 
takes  these  changes  of  slope  as  effects;  the  field  in  which  slope  is  a 
primary  cause  he  takes  to  be  quite  a  different  matter. 

In  that  lies  the  explanation  of  all  the  general  forms  or  types  shown 
in  the  different  regimens  of  different  rivers,  and  the  writer  does  not 
come  to  it  in  the  paper  presented;  he  has  carried  the  subject  no  fur- 
ther than  the  case  of  the  flume,  where  the  grade  was  not  even  consid* 
ered.  He  offers,  however,  a  system  in  which  these  regimens  may  be 
determined,  and,  indeed,  which  promises  to  bring  rivers  into  a  much 
more  exact  field  of  calculation  than  that  found  in  any  other  line  of 
hydraulics;  certainly  the  more  precise  determination  of  m  is  a  subject 

for  further  experiment,  and  the  application  of  the  equation  --r-^  =  mW 

must  be  varied  to  suit  the  cases.  But  taking  the  given  regimen  of  the 
Missouri  Biver  from  Kansas  City  to  St.  Charles  as  an  example,  per- 
haps something  of  the  dynamics,  in  which  this,  as  a  whole,  stands  as 
an  equilibrium,  may  best  illustrate  his  view  of  it. 

First,  the  energy  of  the  discharge  and  fall  in  this  reach  varies  from 
about  750  000  H.  -P.  at  low  water  to  about  15  000  000  H.  -P.  at  high  water. 
This,  then,  tears  down  on  an  average  about  120  000  000  cu.  yds.  of 
bank  annually,  or  an  amount  which,  dumped  in  year  after  year,  is 
enough  to  fill  this  given  prism  up  solid  to  some  12  ft.  above  low  water 
in  the  twenty  years  in  which  the  Government  has  been  working  on  it. 
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That  it  has  not  changed  it  perceptibly,  makes  the  fact  very  pl^in  that  Mr.  Seddon. 
it  has  simply  been  built  back  again  on  banks  and  bars  in  other  places. 

Of  course,  a  considerable  part  of  the  observed  sediment  in  the 
water  lies  simply  in  this  action,  and  for  the  reach  from  Kansas  City  to 
St.  Charles,  as  a  whole,  may  be  said  neither  to  come  into  it  nor  to  go 
ont  of  it.  But  taking  this  in  about  the  proi>ortion  of  the  sediment 
that  will  settle  from  the  water  with  the  least  check  to  its  velocity,  and 
which  can  hardly  have  come  from  distant  head  waters,  leaves  the  tme 
sediment  for  the  year  about  130  000  000  cu.  yds.  carried  in  suspension. 
And  certainly  the  percentage  of  this  which  may  be  dropped  in  the 
reach  is  an  additional  load  on  the  bar  building  forces. 

But  a  good  part  of  this  matter  carried  in  suspension  will  not  settle 
in  a  reservoir  after  standing  24  hours,  while,  even  as  a  whole,  it  is  but 
little  more  than  the  erosion  on  this  333  miles  of  the  river,  and,  for  the 
total  alluvial  stretch  of  the  Missouri,  is  a  minor  fraction  in  comparison 
with  it.  Indeed,  the  fact  of  the  almost  uniform  grade  on  which  this 
river  is  set  leaves  little  doubt  that  it  has  been  long  ago  leveled  up  to 
bring  the  sediment  entering  it  into  practically  a  through  transporta- 
tion ;  but,  in  any  event,  in  all  such  cases  the  probable  proportions  are 
such,  that  if  no  changes  from  erosion  are  shown  in  the  10  or  20-year 
periods,  about  1  000  years  is  the  least  time  in  which  material  effects 
may  be  looked  for  from  the  matter  carried  in  suspension. 

Of  course,  all  this  only  shows  when  the  long  reach  of  river  is  taken 
into  view  altogether.  At  a  given  location  the  erosion  may  be  small, 
and  the  bar  building  large,  while  the  sediment  carried  through  in 
suspension  is  so  great  in  proportion  to  both  of  them  that  anything 
seems  to  be  possible  from  it.  It  is  not  until  the  engineer  gets  away 
from  actually  looking  at  it,  and  sees,  in  his  mind,  the  hundred  miles 
of  river  as  a  whole,  as  he  sees  the  orbit  of  the  planet,  that  he  begins  to 
find  himself  in  the  presence  of  the  real  dynamics  of  rivers,  and  can 
fairly  value  the  processes  given,  in  which  these  equilibriums  may  be 
measured,  and  their  variations  traced  from  river  to  river,  and  from 
season  to  season;  a  matter  that  at  first  looks  as  hopeless  to  him  as 
chaining  the  distance  to  the  moon,  but  which,  after  all,  is  very  easily 
measured  when  we  know  how. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 

April  4th,  1900.— The  meeting  was  called  to  order  at  8.45  p.  M.,  the 
President,  John  Findley  Wallace,  in  the  chair;  Charles  Warren  Hunt, 
Secretary,  and  present,  also,  81  members  and  17  visitors. 

A  paper  by  WilKam  B.  Landreth,  M.  Am.  Soc.  C.  E.,  entitled 
**  Recent  Stadia  Topographic  Surveys:  Notes  Relating  to  Methods 
And  Cost,"  was  presented  by  the  Secretary,  who  also  read  a  discussion 
by  Emile  Low,  M.JAm.  Soc.  C.  E.  The  subject  was  discussed  orally  by 
Messrs.  John  F.  Wallace,  Basil  Magor,  R.  S.  Buck,  Henry  Goldmark, 
A-  J.  Himes,  and  R.  A.  MacGregor. 
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Ballots   were  canvassed  and  the    following  candidates  declared 
elected : 

As  Membebs. 

Fred  Wilmam  Bbuoe,  St.  Angnstine,  Fla. 
Edwabd  Hasbos  Conmob,  Leavenworth,  Eans. 
BoBERT  WAiiTEB  Cbeuzbaub,  Ncw  York  City. 
Justus  Vinton  Dabt,  Providence,  B.  I. 
Joseph  Mabshauj  Graham,  Baltimore,  Md. 
Jere  Ghamberlaim  Hutchins,  Detroit,  Mich. 

WAIiTER  AliEXANDER  BoGEBS,  GhicagO,  111. 

Geobge  Galeb  Stoddabd,  New  York  Gity. 


As  Associate  M^mbebs. 

Wabbick  Bioeley  Edwards,  Baltimore,  Md. 
Abthub  WnjiABD  Fbench,  Worcester,  Mass. 
Albion  Lobenzo  Gbandt,  Grand  Bapids,  Mich. 
John  PmriTP  Hallihan,  Alamogordo,  N.  Mex. 
Theodobe  Hobton,  Boston,  Mass. 
Clarence  William  Hubbell,  Detroit,  Mich. 
Geoboe  Cecil  Kenton,  West  Derby,  Eng. 
Wallace  Goblibb  Lambert,  Boston,  Mass. 
Leon  £lie  XjIOn,  New  Orleans,  La. 
Fbedebice  Gunton  Phillips,  Little  Falls,  N.  Y. 
Harry  Harwood  Bousseau,  Washington,  D.  G. 
George  Simpson,  New  York  Gity. 
Harrison  Stidham,  New  York  City. 
Thomas  William  Wilson,  Buflfalo,  N.  Y. 


Announcement  was  made  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  April  3d,  1900. 

As  Juniors. 

Ernest  Payson  Goodrich,  Brooklyn,  N.  Y. 

Alfred  Liebmann,  New  York  Gity. 

Fbancis  Mason,  Albany,  N.  Y. 

Geobge  Fbanklin  Pebby,  Washington,  D.  C. 

James  Vincent  Bockwell,  Boone,  Iowa. 

William  Fbedebice  Steepens,  New  Haven,  Conn. 

George  Clifton  Woollard,  St.  Marys,  Pa. 

Adjourned. 
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April  i8th,  ipoo.— The  meeting  was  called  to  order  at  8.30  pm., 
Vice-President  Bndolph  Hering  in  the  chair;  T.  J.  McMinn  acting  as 
Secretary ;  and  present,  also,  80  members  and  17  visitors. 

A  paper  by  George  W.  Bafter,  M.  Am.  Soc.  C.  E.,  entitled  **0n  the 
Flow  of  Water  Over  Dams,"  was  presented  by  the  author.  Communi- 
cations on  this  subject  from  Messrs.  George  Y.  Wisner,  Charles  W. 
Sherman  and  J.  L.  Power  O'Hanly  were  presented  by  Mr.  McMinn. 
The  paper  was  discussed  orally  by  Messrs.  G.  S.  Williams,  Emil 
Kuichling,  £.  A.  Fuertes,  Edward  P.  North  and  the  author. 

Mr.  M.  N.  Baker  exhibited  and  described  a  number  of  photographs 
of  the  Austin  dam,  recently  destroyed  by  flood. 

Announcement  was  made  of  the  death  of  the  following  Members: 
James  CoLWEiiii  AiiDBiCH,  elected  Member  May  7th,  1873;  died  April 
3d,  1900.  BoiiTON  WaiiLbb  DeCoukct,  elected  Member  November  6th, 
1889;  died  April  1st,  1900. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

April  3d,  ipoo.— The  Board  met  at  8.30  p.  m.,  President  Wallace  in 
the  chair;  Charles  Warren  Hunt,  Secretary,  and  present  also  Messrs. 
Bensel,  Heiing,  Knap,  0*Bourke,  Bicketts,  Schneider,  Seaman, 
Turner  and  Whinery. 

A  report  was  received  from  the  Committee  of  Arrangements  for  the 
Annual  Convention. 

A  Local  Committee  of  Arrangements,  consisting  of  all  persons  con- 
nected with  the  Society  residing  in  London,  was  appointed. 

The  Secretary  was  instructed  to  print  in  the  next  number  of  Fro- 
909ding8  a  copy  of  Senate  Bill  No.  2330,  with  such  explanation  in 
regard  to  it  as  will  enable  members  to  take  any  action  concerning  it 
which  seems  to  them  advisable. 

Applications  were  considered  and  other  routine  business 
transacted. 

Seven  candidates  for  Junior  were  elected.* 

Adjourned. 

*  See  page  94. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

MEETINOS. 

Wednesday,  May  2d,  1900,  at  8.30  P.  M.,  a  regular  btiBinesB 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  J.  M.  Moncrieff,  M.  Am.  Soc.  C.  E.,  entitled,  "The  Prac- 
tical Column  under  Central  and  Eccentric  Loads,"  will  be  presented 
for  discnssion.  This  paper  was  printed  in  the  March  number  of 
Proceedings. 

Wednesday,  May  i6th,  1900.— At  the  suggestion  of  Mansfield 
Merriman,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  American  Section  of 
the  International  Association  for  Testing  Materials,  this  evening  has 
been  set  apart  for  the  informal  discussion  of  the  following  Proposed 
Standard  Specifications:  Structural  Steel  for  Buildings;  Wrought 
Iron;  Structural  Steel  for  Bridges  and  Ships.  Committee  No.  1  of  this 
Association  has  in  charge  this  problem,  proposed  at  Zurich  Congress, 
1895:  *'  To  Establish  International  Rules  and  Specifications  for  Testing 
and  Inspecting  Iron  and  Steel." 

The  American  Committee  No.  1  has  been  engaged  actively  in  this 
work  for  the  past  18  months,  and  William  B.  Webster,  M.  Am.  Soc.  C. 
E. ,  its  chairman,  will  place  in  the  hands  of  the  Secretary  copies  of  the 
proposed  specifications  on  each  of  these  subjects,  for  distribution  to 
such  of  our  members  as  are  interested  and  will  discuss  them.  The 
Committee  is  desirous  of  securing  the  views  of  engineers  generally,  in 
order  that  any  necessary  modifications  may  be  made. 


PROGRESS  REPORT  OP  THE   SPECIAL  COMMITTEE  ON  THE 
PROPER  MANIPULATION  OF  TESTS  OP  CEMENT. 

A  Progress  Report  of  the  Special  Committee  on  the  Proper  Manipu- 
lation of  Tests  of  Cement  was  presented  informally  by  the  chairman  of 
that  committee  at  the  Annual  Meeting  {Proceedings^  Vol.  xxvi,  pp.  4 
and  43),  and  has  now  been  forwarded  by  him  for  publication.  (See 
page  99). 
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THIRTY-SECOND  ANNUAL  CONVENTION. 

The  following  anhjects  will  be  presented  for  informal  discnssion  at 
the  Annnal  Convention  to  be  held  in  London  dnring  the  first  week  in 
Jnly,  1900. 

Members  who  are  nnable  to  attend  are  invited  to  send  written  com- 
munications on  any  of  the  subjects  for  presentation  at  the  meeting. 

HEIGHT  OF  BUILDINGS. 

(1)  What  considerations  should  limit  the  height  off  buildings? 

(2)  Do  recent  developments  in  construction,  sanitation,  inter- 

communication and  economy  of  administration,  warrant 
the  removal  of  all  restrictions  ? 

RECENT  PRACTICE  IN  RAILS. 

The  progressive  increase  In  weight;  the  increase  in  hardness, 
particularly  in  carbon ;  the  sections  in  most  general  use ; 
the  effect  off  changes  in  weight,  composition  and  section. 

FILTRATION  OF  WATER  FOR  PUBLIC  USE. 

The  several  processes  now  used  for  the  ramoval  of  objectionable 
matter ;  their  comparative  sanitary  effect,  cost  and  relia- 
bility. 


IXth  INTERNATIONAL  CONGRESS  OF  NAVIGATION. 

A  project  for  holding  the  ninth  session  of  the  International  Con- 
gress of  Navigation  in  the  United  States  has  been  in  contemplation  for 
some  time;  and,  with  this  object  in  view,  two  bills  have  been  introduced 
before' Congress  to  authorize  the  President  of  the  United  States  to 
extend  an  invitation  to  the  Congress  to  hold  its  next  session  in  this 
country. 

These  bills  are  known  as  "S.  2330"  and  **H.  R.  6262,"  and  are 
practically  identical.  The  bill  before  the  House  of  Representatives 
has  been  referred  to  the  Committee  on  Foreigp[i  Affairs.  The  Senate 
bill  has  been  read  twice  and  referred  to  the  Committee  on  Foreign 
Relations,  which  committee  has  reported  favorably  thereon. 

The  Senate  bill  is  printed  below,  to  bring  it  to  the  attention  of  mem- 
bers of  the  Society  who  may  be  interested,  in  order  that  they  may  take 
such  Action  as  they  may  think  best. 
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'''^W^^k'^^I  S.    2330. 


**  IN  THE^SENATE  OF  THE  UNITED  STATES. 

«*  Jamttabt  11,  1900. 

**  Mr.  GoLLOM  introduced  the  following  bill;  which  was  read  twice  and 

referred  to  the  Committee  on  Foreign  Belations. 

**Mabch23,  1900. 

**  Reported  by  Mr.  Cullom,  with  amendments. 


**ABILL 

**  To  authorize  the  President  of  the  United  States  to  invite  the  Inter- 
national Ck>ngres8  of  Navigation  to  hold  its  ninth  session  in  Wash- 
ington, District  of  Columbia. 

"  Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the 
United  States  of  America  in  Congress  assembled,  That  the  President  of 
the  United  States  is  hereby  authorized  and  directed  to  extend  an  invita- 
tion to  the  International  Congress  of  Navigation,  at  its  eighth  session, 
to  be  held  in  Paris,  France,  in  July,  nineteen  hundred,  to  hold  its  ninth 
congress  in  Washington,  District  of  Columbia,  United  States  of 
America. 

**  Sbo.  2.  That  the  Secretary  of  State  shall  prepare  for  the  use  of  said 
International  Congress  of  Navigation  suitable  halls  and  rooms  in  the 
City  of  Washington  for  the  meeting  of  said  body. 

*'Seo.  3.  That  the  sum  of  thirty  thousand  dollars,  or  so  much 
thereof  as  may  be  necessary,  is  hereby  appropriated,  out  of  any 
money  in  the  Treasury  not  otherwise  appropriated,  and  to  be  available 
as  required  and  to  be  expended  under  the  direction  and  at  the  discre- 
tion of  the  President  of  the  United  States,  to  meet  the  expenses 
incurred  by  the  Government  in  connection  with  the  ninth  session  of  the 
International  Congress  of  Navigation. " 
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PROGRESS  REPORT  OP   THE   SPECIAL   COMMITTEE  ON  THE 
PROPER  MANPIULATION  OF  TESTS  OP  CEMENT. 

The  Committee  on  the  Proper  Manipulation  of  Tests  of  Cement  is 
not  able  at  this  time  to  present  a  final  report,  and  has  not  been  able  to 
make  as  mnch  progress  as  it  had  hoped,  owing  to  numerous  ciroum- 
stances. 

The  first  thing  that  the  Committee  did  was  to  prepare  and  send 
out  a  circular  asking  the  opinion  of  members  of  the  Society,  and  others 
who  ware  supposed  to  be  interested  in  the  subject,  with  reference  to 
the  questions  involved.  Replies  to  this  circular  have  been  received 
from  45  persons,  who  may  be  classified  as  follows: 

Members  of  the  Society 26 

Associate  Members  of  the  Society 9 

Associate 1 

Other  persons,  not  members  of  the  Society 9 

The  number  of  these  replies  did  not  indicate,  in  the  opinion  o£  the 
Committee,  a  very  general  interest  in  the  subject,  and  the  replies 
themselves  differed  so  very  greatly  in  their  recommendations  that  it 
appears  a  difficult  matter  to  formulate  a  set  of  recommendations 
which  will  meat  with  general  approval.  The  Committee  presents  at 
this  time  a  summary  of  these  replies,  believing  that  it  will  be  of  inter- 
est to  members  of  the  Society.  In  presenting  this  report,  the  Com- 
mittee, of  course,  assumes  no  responsibility,  and  does  not  express  the 
opinion  of  its  members,  but  simply  pre3ent8  a  summary  of  the  replies 
to  the  circular. 

In  considering  the  questions  in  the  circular  and  the  replies  thereto, 
it  must  be  remembered  that  the  present  Committee  was  not  appointed 
to  formulate  tests,  but  simply  to  formulate  the  method  of  manipula- 
tion of  the  different  tests.  Some  of  the  questions  in  the  circular, 
however,  were  made  broader  than  the  work  assigned  to  the  Commit- 
tee would  appear  to  warrant,  because  it  was  desired  to  ascertain  as 
broadly  as  possible  the  opinion  of  the  members  of  the  Society  on  the 
questions  involved.  In  making  its  final  report,  the  Committee  will, 
of  course,  limit  itself  strictly  to  its  proper  functions.  If  the  Commit- 
tee is  continued  by  the  Society,  it  hopes  that  it  may  be  able  to  find 
time  during  the  coming  year  to  perform  some  experiments  of  its  own, 
and  at  the  next  meeting  to  present  a  definite  report  of  its  own. 

For  the  OommiUeey 

G.  F.  Swain, 

New  Yobx,  Januaby   17th,  1900.  Chairman. 

Question  1. — In  the  works  which  you  have  carried  out,  how  much 
cement  have  you  been  wiUing  to  accept  on  the  results  obtained  with  a  single 
sample  ? 

The  majority  of  those  replying  to  this  question  favored  testing 
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about  one  sample  from  every  ten  barrels — thirteen  persons  specifying 
this  number.  One  was  in  favor  of  testins^  one  sample  in  six  barrels 
for  tension  and  making  a  chemical  test  of  one  in  100  to  300  barrels. 
One  tests  every  barr^,  if  doubtful,  otherwise  every  third  or  fourth 
barrel.  One  says  one  sample  in  ten  for  well-known  brands,  and  one 
in  three  to  five  for  unknown  brands.  Two  say  one  for  every  car  load 
for  known  brands.  One  says  one  in  five  barrels  at  first,  and  if  the 
product  runs  uniformly,  one  barrel  in  ten.  The  general  opinion  ia 
that  the  reply  to  the  question  would  depend  upon  the  kind  and  repu- 
tation of  the  cement,  although  three  replies  stated  definitely  that  it 
does  not  so  depend. 

Question  2. — What  method  do  you  recommend /or  obtaining  a  sample 
from  a  package? 

There  is  a  general  agreement  with  reference  to  this  question,  the 
general  practice  being  to  use  an  auger  or  sugar  trier  and  to  take  a 
sample  from  the  center  of  the  package.  Several  members,  however, 
are  in  the  habit  of  taking  the  sample  from  the  outside  or  from  differ- 
ent parts  of  the  package  in  order  to  get  the  average  quality. 

Question  3. — Vo  you  mix  cement  taken  from  several  packages  to  obtain 
a  sample  to  use  in  testing,  or  are  the  samples  from  the  several  packages  kept 
distinct? 

There  is  a  general  unanimity  to  the  replies  to  this  question.  The 
great  majority  of  those  answering  being  in  favor  of  keeping  the  sam- 
ples distinct,  onlv  five  being  in  favor  of  mixing  them.  One  recom- 
mends keeping  them  distinct  for  tensile  tests  and  mixing  them  for 
chemical  tests  and  tests  of  soundness;  whUe  two  recommend  just  the 
reverse.  One  recommends  keeping  them  distinct  for  tests  in  the  field, 
but  mixed  when  making  an  elaborate  series  of  tests  as  a  matter  of 
investigation.  One  recommends  keeping  them  distinct  for  tests  of 
fineness,  time  of  set,  and  checking,  and  if  these  results  are  uniform, 
mixing  the  samples  for  tensile  tests  with  sand,  but  not  for  neat  tests. 
One  simply  recommends  keeping  samples  distinct  for  neat  tests  and 
mixing  them  for  mortar  tests. 

Question  4. —  When  do  you  consider  a  chemical  analysis  essential  or 
desirable? 

As  a  result  of  the  replies  to  this  question,  the  average  opinion 
seems  to  be  that  a  chemical  analysis  is  desirable  in  the  first  examina- 
tion of  any  cement  and  for  purposes  of  control  if  any  of  the  physical 
tests  are  unsatisfactory;  that  it  is  also,  of  course,  necessair  for  the 
manufacturer  in  order  to  control  the  uniformity  of  his  product;  that 
it  is  not,  however,  b^  any  means  essential  for  the  engineer  in  the  field,, 
except  as  a  general  indication,  and  except  in  cases  where  the  cement 
is  to  be  used  in  sea  water,  in  which  case  the  presence  of  certain 
elements  may  be  injurious. 

Professor  Henrv  Carmichael  writes  as  follows  to  H.  A.  Carson,  M. 
Am.  Soc.  C.  E:  "  Chemical  tests  are  of  service:  (a)  in  establishing  the 
composition  and  identity  of  sample  which  has  been  selected  as  the 
standard  to  be  used  in  any  particular  work,  and  in  detecting  any 
departure  from  the  standard  sample  which  is  specified ;  (b)  in  demon- 
strating the  presence  of  hurtful  ingredients  such  as  magnesia,  free 
lime  in  excessive  amount  and  sulphate  of  lime;  (c)  in  demonstrating 
the  presence  of  mere  adulterants  such  as  fine  sand,  ashes,  pulverized 
furnace  slag,  etc;  (d)  in  ascertaining  the  amount  of  carbonic  acid  and 
moisture  present,  which  indicate  to  what  extent  the  cement  has  been 
'air  slacked,' and,  under  circumstances,  whether  the  materials  have 
been  properly  ignited  in  the  manufacture  of  the  cement.     It  is  to  be 
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noted  that  the  chemical  composition  alone  may  show  the  cement  to  be 
entirely  nnsnited  for  a  particular  uee,  as  for  instance,  that  it  is  Rosen- 
dale  or  a  mixtnre  when  a  pure  Portland  is  required,  and  again  it  may 
show  that  the  composition  is  consistent  with  that  of  a  good  cement; 
but  it  does  not  prove  it  to  be  good  cement  unless  supplemented  by 
mechanical  tests,  since  the  temperature  at  which  the  cement  is  formed 
and  the  physical  state  of  the  cement  affect  the  quality  of  the  product 
equally  as  well  as  the  chemical  composition.*' 

Professor  J.  A.  L.  Waddell  writes  as  follows:  *'  I  consider  a  chem- 
ical  analysis  of  cement  essential  or  desirable  only  when  trouble  is  being 
experienced  with  that  particular  kind  of  cement.  Such  a  test  is  more 
useful  to  the  manufacturer  in  securing;  a  uniform  product  than  it  is  to 
the  engineer  in  detecting  any  undesirable  qualities  in  the  cement.  > 
Good  cements  differ  so  widely  in  composition  that  no  standard  based 
upon  chemical  analyses  can  be  established.  Neither  can  such  analyses 
be  used  as  a  test  for  soundness,  because  they  do  not  distinguish  be- 
tween lime  and  magnesia  when  so  combined  as  to  give  added  strength, 
and  the  same  elements  when  uncombined,  in  which  state  they  prove  a 
sonrce  of  danger." 

One  member  considers  that  after  careful  investigation  of  a  cement,, 
all  physical  tests  might  be  dispensed  with,  and  reliance  based  entirely 
on  the  degree  of  calcination,  fbieness  and  the  chemical  composition, 
but  most  engineers  would  hardly  agree  with  this  opinion.  Classify- 
ing  the  replies  received,  three  reply  ''for  all  works  of  importance"; 
two  reply  "always "or  ** indispensable";  one,  ** wherever  possible"; 
one,  ••  every  shipment";  five,  **in  general,  unnecessary";  one,  **only^ 
where  adulteration  is  suspected  ";  three,  **  only  where  trouble  is  experi- 
enced"; four,  **only  for  new  cements";  fonr,  ** only  for  the  manu- 
facturers ";  four,  **  in  salt  water." 

Question  5. — What  elements  or  oompotmds  should  be  determined  ? 

A  number  of  members  unite  in  considering  magnesia,  sulphates 
and  adulterations  the  only  substances  necessary  to  determine,  while 
others  add  lime,  silica,  alumina  and  iron,  making  practically  a  com- 
plete analysis.  In  certain  instances,  no  doubt,  it  may  only  be  neces- 
sary to  determine  the  ]ime,  magnesia  and  sulphates,  while  in  others  a 
complete  analysis  may  be  desirable. 

Professor  Henry  Carmichael  says:  **  Hvdraulic  cement  consists  of 
a  double  silicate  of  lime  and  alumina  (including  iron  oxide),  which  is 
readily  soluble  in  dilute  hydrochloric  acid,  leaving  little  or  no  insolu- 
ble residue.  In  addition  to  the  soluble  silica  and  the  oxides  of  cal- 
cium, aluminum  and  iron,  good  cement  contains  traces  of  the  oxides 
of  magnesiam.  sodium  and  potassium,  together  with  traces  of  carbon- 
ates, sulphates,  chlorides  and  combined  water,  and  finally  minute 
amounts  of  insoluble  sand  or  cinder. 

''Alarger  amount  of  magnesium  oxide  than  2%  is  regarded  with 
suspicion.  More  than  a  trace  of  sulphate  of  lime  is  objectionable 
under  ordinary  circumstances,  since,  while  it  facilitates  the  setting  of 
the  cement,  it  prevents  it  reaching  the  ultimate  strength  of  a  good 
Portland.  Free  lime  is  supposed  to  cause  the  cracking  of  concrete 
after  it  has  set.  Any  considerable  amount  of  sodium  of  oxide  indi- 
cates the  presence  of  silicate  of  soda,  which  is  intentionally  added  for 
hastening  the  time  of  setting,  and  in  some  of  the  applications  of  cement 
is  a  desirable  ingredient. " 

Question  6,— 'What  do  you  consider  the  best  methods  of  determining 
these  oompotmds  with  sufficient  accuracy  ? 

The  general  consensus  of  opinion  of  those  best  qualified  to'  judge 
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appears  to  be  that  the  chemical  analysis  must  be  done  with  great  ac- 
curacy in  order  to  be  of  any  valne,  as  very  slight  variations  in  the 
composition  of  a  Portland  cement  may  have  a  very  decided  effect 
npon  its  quality.  It  is  not  necessary  here  to  enter  into  the  methods 
of  analysis  in  detail,  although  some  of  the  replies  do  so.  For  com- 
parison, however,  we  quote  two  of  these  replies: 

Professor  Henry  Carmichael  says:  **The  sample  is  ground  fine  in 
an  agate  mortar.  One  gram  is  carefully  weigned  out  in  a  shallow 
porcelain  dish  and  well  covered  with  a  S%  solution  of  hydrochloric 
acid.  After  several  hours  the  cement  should  completely  dissolve  in 
this  acid  with  the  exception  of  a  small  amount  of  sand,  mostly  black 
cinder  from  the  fuel  employed  in  making  the  cement.  The  residue, 
if  any,  is  filtered  off  and  determined.  The  clear  solution  is  evaporated 
to  dryness  on  a  water  bath  in  a  (lat  dish.  Hydrochloric  acid  is  poured 
over  the  dry  residue,  and  acid  is  th^n  evaporated.  Add  a  few  drops  of 
same  acid,  and  again  drive  off  acid.  Moisten  residue  again  with 
same  acid  and  boil  up  with  pure  water.  The  silica  is  rendered  insolu- 
ble by  the  above  operation  and  can  be  filtered  off  and  weighed.  The 
siKca  which  thus  dissolves  in  dilute  acid,  and  is  in  turn  rendered 
insoluble,  is  the  silica  which  is  available  in  the  setting  of  the  cement. 
The  filtrate  from  silica  is  boiled  with  a  few  drops  of  nitric  acid,  and 
pure  ammonia  is  then  added  which  precipitates  the  oxides  of  iron  and 
aluminum.  With  the  ammonia  is  added  also  ammonium  chloride  in 
sufficient  quantity  to  retain  the  lime  in  solution.  After  boiling  for 
some  time,  the  oxides  of  iron  and  aluminum  are  filtered  off  and  after 
drving  are  ignited  and  weighed.  After  weighing,  the  two  are  dis- 
solved by  ignition  with  potassium  bisulphate  and  after  the  solution 
and  reduction  of  the  iron  sulphate  by  metallic  zinc,  the  amount  of  iron 
oxide  is  ascertained  by  titration  wit£  potassium  permanganate.  The 
oxide  of  aluminum  is  calculated  by  difference,  xo  the  filtrate  from 
the  iron  and  aluminum  oxides  is  added  in  slight  excess  ammonium 
oxalate  whereby  the  lime  is  precipitated  as  calcium  oxalate  which  is 
filtered  off,  ignited  at  a  dull  red  heat  in  platinum  crucible  and  weighed 
as  carbonate. 

''The  filtrate  from  oxalate  is  evaporated  to  dryness,  covered  with 
glass  and  strong  nitric  acid  gradually  added  until  the  ammonium  salts 
are  destroyed.  The  solution  containing  magnesium  and  the  alkalies 
is  then  evaporated  to  dryness  in  porcelain  crucible,  moistened  with 
water,  a  few  drops  of  mercurous  nitrate  added,  water  evaporated, 
covered  and  ignited  at  low  redness.  The  magnesium  oxide,  which  is 
now  rendered  insoluble,  is  filtered  off,  and,  after  ignition,  weighed. 
The  filtrate,  after  the  addition  of  a  few  drops  of  strong  hydrochloric 
acid,  is  evaporated  to  dryness  and  weighed  as  combined  chlorides  of 
the  alkalies.  The  chlorides  are  weighed  and  then  dissolved  in  small 
amount  of  water.  Platinum  chloride  is  added  to  solution  and  some 
alcohol  and  ether  is  added  to  render  the  potassium  double  salt  less 
soluble.  The  latter  is  after  some  hours  filtered  off  and  weighed.  The 
potassium  computed  as  chloride  subtracted  from  combined  chlorides 
gives,  in  the  absence  of  sulphates,  by  difference  the  amount  of  sodium 
chloride. 

**  Having  thus  as  above  determined  the  principal  bases  present  and 
silica,  other  portions  of  the  sample  are  taken  for  the  determination  in 
the  customary  manner  of  the  sulphates  and  chlorides. 

**  Another*^weighed  portion  ignited  in  platinum  at  a  low  red  heat 
gives  by  loss  the  amount  of  combined  water  present,  and  if  after  the 
weighing  of  the  crucible  it  be  again  ignited  at  an  intense  white  heat, 
the  further  loss  is  that  of  the  combined  carbonic  acid. 
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''By  an  amplification  of  the  above  method  all  other  acids  and 
bases  are  readily  determined. 

**Iti8,  of  course,  not  necessary  that  the  above  qua/UUative  course 
shall  be  pursued  in  all  cases,  and  it  will  oftentimes  be  sufficient  if  a 
few  qualitative  tests  alone  are  employed,  which  may  be  applied  accord- 
ing to  the  particular  issue  involved. 

*  *  The  question  of  free  lime  present  is  difficult  to  determine,  and  it  is 
found  to  be  a  useful  indication  to  titrate  the  lime  present  with  a  deci- 
normal  hydrochloric  acid  solution  with  phenol-phatalein  as  indicator. 
It  will  be  noted  that  the  lime  combined  as  silicate  is  slowly  neutral- 
ized, while  the  free  lime  is  at  once  neutralized  by  the  dilute  acid. 
Quantitatively  it  is  best  determined  by  comparison  with  the  amount 
normally  present  in  standard  makes  of  cement.'* 

B.  L.  Humphrev,  Assoc.  M.  Am.  Soc.  C.  E.,  writes  as  follows: 
**  The  following  scheme  for  analysis  has  been  adopted  by  the  writer. 
One-half  gram  of  the  finely  pulverized  sample,  dried  at  100°  C,  is 
thoroughly  mixed  with  four  or  five  times  its  weight  of  sodium  carbon- 
ate, and  fused  in  a  platinum  crucible  until  C  O2  no  longer  escapes;  the 
crucible  and  its  contents  is  placed  in  a  beaker  and  twenty  or  thirty 
times  its  quantity  of  water,  and  about  10  c.  c.  of  dilute  H  01  is  added; 
when  complete  solution  is  effected,  it  is  transferred  to  a  casserole  and 
placed  on  a  water  bath,  and  evaporated  to  dryness  several  times.  The 
mass  is  taken  up  with  dilute  H  CI  and  water,  heated  for  a  short  time 
and  filtered,  washing  the  residue  on  the  filter  thoroughly  with  hot 
water.  The  filter  is  dried,  ignited  and  weighed.  This  weight  (less 
ash)  gives  the  amount  SiOj. 

**  The  filtrate  is  brought  to  boiling,  and  ammonia  hydrate  is  added 
in  slight  excess,  the  boiling  is  continued  until  the  odor  of  ammonia  is 
no  longer  perceptible.  Filter  and  wash.  Be-dissolve  in  hot  dilute 
HGl,  again  precipitate  with  ammonia  and  filter  through  the  previous 
filter  and  wash  with  boiling  water.  The  precipitate  dried,  ignited  and 
weighed,  less  ash.  gives  the  amount  of  Al^  O^  and  Fe^  O^. 

*'The  iron  is  determined  volumetricidly  by  fusing  the  ignited 
precipitates  of  alumina  and  iron  with  de-hydrated  potassium  sulphate 
in  the  platinum  crucible;  it  is  then  dissolved  in  sulphuric  acid  and 
titrated  witlv  potassium  permanganate. 

'*  The  filtrate  from  the  iron  and  alumina  is  heated  to  boiling,  and 
boiling  ammonium  oxalate  is  added  until  a  precipitate  is  no  longer 
formed.  After  boiling  for  a  few  minutes,  it  is  set  aside  for  a  short 
time;  when  the  precipitate  has  settled  perfectly,  decant  the  clear  liquid 
through  a  filter,  wash  by  decantation,  dissolve  the  precipitate  in  hot 
dilute  H  CI,  using  as  small  a  quantity  as  possible  to  effect  a  complete 
solution,  heat  to  boiling  and  add  ammonia,  heat  on  a  water  bath  for  a 
few  minutes;  when  the  solution  clears  filter  through  the  previous 
filter,  wash  thoroughly  with  hot  water.  Dry  the  precipitate,  ignite  to 
constant  weight,  and  weigh  as  CaO;  or  determine  the  lime  volumetri- 
cally  by  titration  with  potassium  permanganate. 

'  *  The  thoroughly  washed  precipitate  of  calcium  oxalate  is  dissolved 
in  hot  dilute  sulphuric  acid  and  the  solution  is  titrated  with  potassium 
permanganate. 

**  The  filtrate  from  the  calcium  oxalate  is  made  alkaline  with  am- 
monia and  30  c.c.  of  solution  of  hydro-di-sodlum  phosphate  is  added; 
the  whole  is  set  aside  in  a  cool  place  for  2i  hours;  it  is  then  filtered 
and  washed  about  fifteen  times  with  ammonia  water  solution  (1  : 5). 
Dry  the  precipitate  on  the  filter,  brush  on  to  a  large  watch  glass, 
burn  filter  on  the  lid  of  the  weighed  crucible.     When  the  carbon  is 
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consumed,  transfer  the  precipitate  to  the  cmoible  and  ignite  to  dull 
redness,  keeping  the  crucible  covered.  If  the  precipitate  is  not  per- 
fectly white  on  cooling,  moisten  with  a  few  drops  of  nitric  acid, 
evaporate  and  igpiite  to  dryness;  weigh  as  magnesium  pyrophosphate 
and  calculate  to  MgO. 

*'  Sulphuric  acid.  This  is  determined  in  a  separate  portion.  Weigh 
out  about  five  grams  and  treat  as  in  the  regular  analysis,  separat- 
ing the  silica;  the  filtrate  is  heated  to  boiling  and  boiling  barium 
chloride  is  added;  the  boiling  is  continued  for  ten  minutes;  when  the 
precipitate  has  subsided,  filter.  The  precipitate  is  thoroughly  washed 
m  hot  water,  dried,  ignited  and  weighed  as  barium  sulphate  and  cal- 
culated to  SOj. 

''  Carbonic  acid.  This  can  be  determined  with  sufficient  accuracy 
by  means  of  the  ordinary  extraction  apparatus. " 

Questions  7  cmd  8, — 7.  Are  microsoopiccU  tests  of  value,  and,  if  so, 
when?  8.  What  power  microscope  is  required,  what  observations  should 
be  made,  and  what  are  the  indications  ? 

The  general  opinion  in  reply  to  Question  7  is  that  a  microscopic 
analysis  is  in  general  unnecessary,  six  replies  being  to  this  effect. 
One  writer  thinks  it  is  desirable  for  the  determination  of  adult- 
erants ;  one  thinks  it  is  sometimes  necessary,  and  one  that  it  is  only 
necessary  in  order  to  determine  the  cause  of  a  failure  of  cement  by 
observing  the  character  of  the  crystals.     We  quote  several  replies. 

Mr.  0.  A.  Richardson  writes:  *'  I  consider  microscopical  tests  to  be 
of  value  in  determining  the  nature  of  the  coarse  material  which  is  left 
on  sifting  cements,  and  in  determining  whether  the  sulphate  of  lime 
which  is  often  added  to  Portland  cements,  is  thoroughly  mixed.  A 
microscope  having  a  1-in.  and  j-in.  objective,  with  suitable  illumina- 
tion, such  as  the  '*8tar  Model "  Beck,  is  all  that  is  necessary.  If  the 
sulphate  of  lime  is  too  coarse  or  in  balls,  it  will  be  revealed  by  the 
appearance  of  white  spots  in  the  cement.  If  the  coarse  material, 
obtained  on  sifting,  is  of  a  different  na£ure  from  that  which  merely 
well  burned  but  unground  clinker  will  show,  it  may  reveal  the  pres- 
ence of  overbumed  clinker  or  admixture  of  some  material  foreign  to  a 
normal  Portland  cement." 

Professor  Henry  Carmichael  writes:  **  Very  little  use  has  as  yet 
been  made  of  the  microscope  in  the  practical  testing  of  cements 
although  it  is  thought  that  more  use  could  be  made  particularly  in  the 
examination  of  the  hardened  cement  by  methods  now  well  understood 
in  the  examination  of  the  crypto- crystalline  rocks.  The  hardened 
cement  must  be  cut  for  its  examination  into  sections  as  thin  as  writing 

Saper  or  thin  enough  to  be  transparent.  Such  sections  are  made  by 
rst  grinding  and  polishing  one  side  of  a  thin  fragment,  which  is  then 
on  this  side  cemented  by  Canada  balsam  to  a  short  strip  of  glass.  The 
rough  side  is  then  ground  down  and  when  thin  enough  polished,  after 
which  a  verv  thin  glass  cover  is  cemented  over  it  with  the  same 
medium.  The  mass  will  be  found  to  consist  of  round  granules  and 
crystals.  The  free  lime  appears  in  the  form  of  hexagonal  crystals. 
During  the  hardening  of  the  cement  the  silica  gradually  unites  with 
the  calcium  and  the  aluminum  oxides  to  form  in  part  delicate  needles 
to  which  the  toughness  of  the  concrete  is  undoubtedly  in  part  due. 
The  difficultv  in  preparing  sections  of  the  requisite  thinness  is  one  of 
the  principal  obstacles  to  the  examination  of  cements  by  this  method. 
The  changes  which  take  place  upon  addition  of  water  may  also  less 
satisfactorily  be  observed  if  the  finely  ground  cement  is  mixed  with 
water  under  a  glass  cover  with  cement^  edges  to  prevent  evapora- 
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tion.  The  growth  of  the  hydrous  silicates  upon  ivhich  the  setting  of 
the  cement  depends  can  thus  be  directly  observed.  If  it  be  desired  to 
examine  the  dry  cement  under  a  microscope  it  should  be  mounted 
with  oil  of  cloves  under  thin  glass  cover  to  render  the  particles  more 
transparent.  So  far  as  the  writer  is  aware,  the  microscope  is  distinctly 
inferior  to  the  chemical  tests  in  determining  the  relative  value  of 
cements. 

*'In  such  investigations  a  microscope  will  be  found  useful  which 
has  lenses  magnifying  about  150,  250  and  600  diameters.  One  of  80 
diameters  is  also  convenient. " 

Mr.  R.  L.  Humphrey  writes:  ''Microscopical  tests  are  not  of  suf- 
ficient importance  to  be  made  a  part  of  a  regular  system  of  tests. 
For  original  research  or  scientific  investigations  in  well-equipped 
laboratories,  they  may  furnish  considerable  information.  In  the  examin- 
ation of  thin  sections  of  hardened  cement,  a  microscope  with  high 
powers  is  required.  For  examination  of  the  dry  powder,  a  hand 
magnifying  glass  or  a  microscope  of  low  power  should  be  used.  The 
dry  powder  for  such  an  examination  should  be  freed  of  the  fine  dust 
by  passing  through  a  No.  200  sieve.  The  examination  of  the  residue 
on  this  sieve  often  reveals  the  presence  of  foreign  matter  (adulteration), 
or  the  character  of  the  grains  indicates  under  or  over  burning.  The 
suspicious  grains  can  be  isolated  and  further  examined  under  the 
microscope,  making  a  chemical  analysis  of  the  grains  thus  separated. " 
Question  9. —  What  sizes  of  mesh  should  be  used  in  testing  fineness  of 
Portland  cement  ?     What  for  natural  cement? 

The  answers  to  this  question  are  very  variable  and  can  hardly  be 
summarized.  We  quote,  however,  a  few  of  the  replies  received. 
Professor  J.  B.  Johnson  says:  <*I  am  thoroughly  satisfied  that  no 
fineness  test  by  sieves  is  adequate.  If  we  can  do  no  better,  then  use 
ihe  finest  practicable,  which  is,  1  think,  120  meshes  per  linear  inch.  To 
use  150  mesh,  or  finer,  takes  too  long.  There  is  no  significance  to  be 
attached  to  results  from  coarser  sieves.  This  the  Committee  should 
emphasize.  Possibly  150*  mesh  could  be  used.  I  think  the  Committee 
should  try  to  find  a  practicable  washing  method  of  testii^  fineness. 
This  matter  cf  fineness  is  the  most  importani  question  for  the  Committee  to 
decide,  in  my  opinion.  It  is  this  alone  which  determines  the  money 
value  of  a  given  kind  of  cement.  ** 

Professor  Clifford  Richardson  says:  "I  think  that  all  cements 
should  be  sifted  upon  the  sieves  ordinarily  known  as  the  50,  100  and 
2u0-mesh.  The  brass- wire  cloth,  which  is  in  use  in  these  sieves,  should 
be,  for  the  50-mesh,  of  wire  0.21  mm.  in  diameter;  for  the  lOO-mesh, 
of  wire  0.12  mm.  in  diameter,  and  for  the  200-mesh,  of  wire  0.06  mm. 
in  diameter.  These  brass-cloths  are  known  in  the  trade  as,  for  the 
50-mesh,  No.  35-6  £  wire;  for  the  lOO-mesh,  No.  39-6  E  wire,  and  for  the 
200-mesh,  extra  fine  brass- wire  cloth,  0.0025  in.  diameter  wire.  There 
is  no  great  difficulty  in  obtaining  a  number  of  50-mesh  sieves  which 
will  agree  in  the  amount  of  material  which  they  will  pass  from  a  given 
sample,  but  with  the  100  and  200-mesh  sieves  there  may  be  a  great 
variation  between  sieves  made  from  the  same  roll  of  cloth.  This  is 
due,  primarily,  to  the  fact  that,  in  stretching  the  finer  cloth  upon  the 
frame,  it  is  very  apt  to  be  pulled  out  of  shape  and  the  size  of  some 
meshes  increased  and  others  diminished,  and  the  requisite  care  is  not 
taken  by  the  ordinary  manufacturer  to  rectify  these  defects.  I  have 
at  last  been  able  to  obtain,  from  Howard  &  Morse,  1197-1211  DeKalb 
Avenue,  Brooklvn,  N.  Y.,  the  finer  sieves,  which  they  have  made  with 
such  care  as  to  be  quite  satisfactory.     There  are  also  other  defects  due 
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to  the  nnaYoidable  defects  in  the  ^weaving  of  fine  cloth.  These  can 
only  be  got  rid  of  by  oarefnl  selection  of  the  piece  to  be  used  in  the 
screen.     The  wire  cloth  should  be  plain  woven  and  not  twilled." 

A  great  many  sieves  appear  to  be  in  nse,  varying  from  50  to  200 
meshes  per  linear  inch.  The  size  of  wire  is  apparently  not  generally 
specified  or  known,  but  standard  sieves  of  certain  normal  mesh  are 
used.  Several  members  refer  to  the  tediousness  of  using  very  fine 
sieves,  and  while  they  recognize  the  fact  that  it  is  onl^  the  material 
that  is  an  impalpable  powder  which  has  any  cementmg  value,  they 
consider  that  just  as  good  results  in  practice  may  be  obtained  by  using 
meshes  not  finer  than  100  for  Portland  and  50  for  natural  cements. 

Question  10, —  What  should  be  the  diameters  or  sizes  of  the  screens  ? 

f^rom  6  to  8  ins.  in  diameter  seems  to  be  the  size  of  screen  preferred 
by  most  of  the  members,  although  some  specify  as  small  as  4  ins.  and 
others  as  large  as  15  ins.  A  number  call  attention  to  the  use  of  nests 
of  screens  which  allow  the  sifting  through  aU  of  them  to  be  done  at 
one  operation. 

Question  11, — How  large  a  sample  should  he  tested? 

The  replies  to  thin  question  are  quite  variable,  ranging  from  1  oz. 
to  1  lb.  A  greater  number  of  the  replies  indicate  the  use  of  100  grams, 
or  about  4  oz. ,  than  any  other  quantity. 

The  proper  quantity  has  some  relation  to  the  fineness  of  the  sieve 
used,  as  it  is,  of  course,  tedious  to  attempt  to  sift  a  large  quantity 
through  a  very  fine  sieve. 

Question  12. — Should  any  machine  for  shaking  he  used,  and  if  so,  what 
form,  and  what  should  he  its  manipulation? 

A  considerable  majority  of  those  replying  to  this  question  consider 
that  the  use  of  a  machine  is  not  necessary,  although  a  few  of  these 
consider  it  desirable.  Seven  writers  definitely  advise  a  machine,  two 
reply  that  no  machine  that  they  know  of  is  satisfactory,  while  three, 
although  they  know  of  no  machine,  think  a  machine  could  be  made 
satisfactory. 

Captain  F.  Y.  Abbot  makes  this  suggestion :  <<  I  suggest  having  the 
sieve  rest  on  a  steel  ring  with  a  saw-tooth  bottom.  This  ring  should 
have  guides  at  two  sides  which  allow  it  to  move  vertically  but  not  to 
revolve.  This  steel  ring  should  rest  on  another  with  steel  pins  which 
enter  the  saw-tooth  edge  of  the  upper  ring.  The  pin  ring  should 
revolve  about  its  vertical  axis  slowly." 

Mr.  R.  L.  Humphrey  replies  as  follows:  **The  work  of  shaking  the 
sample  through  the  sieve  is  best  done  by  hand,  but  as  this  is  a  very 
tedious  operation,  especially  where  the  n amber  of  samples  to  besievea 
daily  is  large,  the  writer  designed  a  mechanical  sifter  which  is  in  use 
in  this  laboratory.  It  is  operated  by  a  small  electric  motor.  The  frame, 
holding  four  sets  of  sieves,  is  given  a  tilting  motion  to  and  fro.  The 
driving  pulley  makes  100  revolutions  per  minute,  and  the  frame  200 
movements  to  and  fro.  The  crank  disc  has  a  throw  of  IJ  ins.,  and  the 
rapid  motion  imparts  a  jerking  movement  to  the  sifting  frame.  Four 
samples  are  passed  successively  at  one  operation  through  the  No.  lOO 
and  No.  200  sieves;  these  sieves  fit  into  each  other,  and  have  a  top 
cover  and  bottom  pan,  the  samples  being  placed  on  the  No.  100  sieve 
and  passing  through  this  sieve  and  the  No.  200  sieve  below  it,  are 
caught  in  the  pan." 

There  appears  from  the  replies  to  be  no  reason  why  hand  shaking  ' 
is  not  just  as  good  as  machine  shaking.     A  machine  would,  of  course, 
be  desirable  where  a  large  amount  of  testing  is  being  done,  simply  as 
a  labor-saving  device. 
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Question  13, — How  long  should  the  shaking  be  continued? 

The  answers  to  this  question  are  necessarily  somewhat  indefinite, 
a  great  majority  simply  stating  that  the  shaking  should  continue  till 
no  more  cement  goes  through.  The  length  of  time  depends,  of 
course,  upon  the  fineness  of  the  sieve  and  the  character  of  the 
cement. 

Captain  F.  V.  Abbot  replies  as  follows:  "The  saw  ring  should  be 
13  ins.  in  diameter,  and  should  have  100  teeth.  The  pin  ring  should 
revolve  ten  time  a  minute  for  ten  minuter.  This  gives  the  sieve 
10  000  jars.  The  saw  teeth  should  be  about  \  in.  deep,  so  that  each 
jar  should  mean  a  vertical  drop  of  the  sieve  of  about  that  height." 

Mr.  R.  L.  Humphrey  states  that  the  shaking,  either  by  hand  or 
machinery,  should  be  continued  until  not  more  than  one- tenth  of  1% 
passes  through  the  sieves  after  five  minutes*  continuous  shaking. 

Question  14, —  Should  there  he  any  difference  in  manipulation /or  fine 
and  coarse  screens^  or  for  different  Icinds  of  cement? 

The  general  reply  to  this  question  is  that  there  is  no  difference.    Of 
course,  there  is  a  difference  in  the  time  required  for  screening.     One  . 
member  suggests  using,  with  fine  screens,  successive  small  quantities 
of  cement. 

Professor  Clifford  Bichardson  makes  the  following  remark:  "  The 
manipulation  of  fine  screens  requires  much  more  care  than  for  the  50- 
mesh,  but  I  do  not  know  that  there  is  any  difference  between  different 
kinds  of  cements.  With  the  fine  screen,  it  is  necessary  that  it  should 
be  jarred  against  a  table,  or  something  firm,  frequentlv  during  the 
process  of  sifting,  and  that  a  stiff  bristle  varnish  brush  should  be 
used  from  time  to  time  to  break  up  any  lumps  and  clear  the  cloth 
when  it  becomes  caked. " 

Mr.  R.  L,  Humphrey  replies,  as  follows:  "For  any  sieve  having 
less  than  100  meshes  per  inch,  the  sample  can  be  sieved  without 
special  preparation.  For  sieves  having  a  greater  number  of  meshes 
the  sample  should  be  thoroughly  dried,  at  a  temperature  of  about 
130^  C,  before  sieving.  Otherwise  the  cement  often  clogs  the  meshes, 
thereby  rendering  the  sieving  very  slow  and  difficult. " 

Question  15. — Apparent  density  or  weight  per  cubic  foot.  What  is 
your  opinion  of  the  value  of  this  test? 

Out  of  28  members  replying  to  this  question,  19  consider  this  test 
either  valueless  or  of  no  importance.  Professor  Newberry  considers 
it  useful  for  distinguishing  pure  Portland  cement  from  mixtures,  and 
one  or  two  others  make  the  same  remark.  Several  replies  add  that 
the  requirement  of  a  certain  weight  per  cubic  foot  is  a  direct  encour- 
agement to  coarse  grinding.  Three  members  consider  the  test "  valu- 
able if  properly  made  ";  two  consider  it  of  some  value  in  connection 
with  the  color,  fineness  or  specific  gravity. 

The  general  result  seems  to  be,  in  the  opinion  of  the  members, 
that  the  test  is  of  little  practical  value,  and  while  in  connection  with 
other  elements  it  may  give  some  indications,  yet  the  variety  of  condi- 
tions is  so  great  and  the  liability  of  divergence  in  the  results  so  large 
that  it  is  practically  scarcely  worth  while  to  make  it.  Professor 
Clifford  Richardson  tersely  states:  "I  think  that  this  test  is  of  no 
value  as  it  is  dependent  upon  too  many  varying  conditions." 

Question  16. —  What  apparatus  do  you  prefer,  and  how  should  it  be 
used? 

Only  a  few  members  reply  to  this  question,  since  there  are  but  few 
who  consider  the  tost  of  any  value.  S.  B.  Russell,  M.  Am.  Soc.  C.  E., 
replies  as  follows:  **  Am  now  trying  a  new  method,  which  I  hope  will 
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prove  good.  A  briqaette  is  made  of  neat  cement  and  water,  just  as 
for  a  tensile  test.  After  setting  in  air  for  24  hours  and  in  water  for  6 
days,  or  until  the  period  of  rapid  chemical  change  is  past,  the  briqaette 
is  weighed  in  air  and  in  water,  to  determine  its  volume.  It  is  then 
dried  thoroughly  at  212^  Eahr.,  to  get  its  dry  weight.  From  the 
Tolume  and  dry  weight  we  get  the  specific  gravity.  A  piece  of  the 
briquette  is  now  weighed  and  then  heated  in  a  platinum  crucible  until 
thoroughly  calcined  to  a  constant  weight.  A  sample  of  the  ungauged 
neat  cement  is  also  weighed  and  calcined  to  a  constant  weight.  The 
difference  between  the  percentage  loss  of  the  briquette  and  the  un- 
gauged cement  shows  how  much  water  was  taken  up  in  setting.  Cor- 
recting the  specific  gravity  of  the  briquette  by  the  amount  due  to  the 
water  taken  up  in  the  settmg,  we  get  the  weight  of  the  original  cement 
in  the  briquette.  From  this  we  can  compute  what  volume  100  lbs.  of 
•cement  would  have  if  made  into  briquettes.  This,  in  my  opinion,  is 
what  we  want  to  find  out.  To  compare  cements,  we  must  know  which 
will  give  the  greatest  volume  of  compact  mortar  for  a  given  weight. 
The  operation  of  this  test  is  somewhat  difficult  to  describe,  but  is 
simple  in  the  doing. " 

One  or  two  others  describe  the  well-known  hopper  apparatus.  It 
is  well  known  that  considerable  care  is  necessary  in  order  to  obtain 
uniform  results  with  this  or  any  other  apparatus. 

Question  17. — True  density  or  specific  gravity.  What  is  your  opinion 
</  the  value  of  this  test? 

Of  23  writers  replving  to  this  question,  10  think  this  test  has  very 
little  value.  One  thinks  it  should  be  used  with  great  caution ;  one  thinks 
it  is  of  considerable  value  in  examining  a  new  brand  of  cement;  one 
considers  it  valuable  in  connection  with  weight  per  cubic  foot,  and  one 
iidvises  it  wherever  chemical  tests  are  made  for  the  purpose  of  show- 
ing the  degree  of  calcination,  and  six  consider  it  valuable.  M.  J.  But- 
ler, M.  Am.  Soc.  C.  £.,  considers  it  the  only  test  bv  which  we  can 
determine  the  proper  calcination  of  the  clixiker,  while  T.  C.  Hatton, 
M.  Am.  Soc.  C.  £.,  finds  the  results  so  far  at  variance  with  each  other 
iihat  no  standard  could  well  be  established. 

Mr.  J.  L.  Allison  says:  ''In  mv  opinion  this  test  is  of  much  value, 
in  that  its  indications  show  whether  or  not  the  materials  have  been 
sufficientlv  burned  in  the  kiln.  A  low  specific  gravity  would  show 
either  underbuming  or  adulteration. " 

Professor  Clifford  Richardson  replies  as  follows:  ''  The  value  of  this 
test  is  considerable  in  examining  new  brands  of  cement.  I  have,  how- 
ever, never  met  a  high-grade  Portland  cement  that  would  not  show  satis- 
factory specific  gravity.  With  natural  cements  very  different  densi- 
ties will  be  found  for  the  different  brands.  All  things  being  equal  the 
cement  of  the  highest  specific  gravity  is  the  most  desirable.  I  have 
shown,  in  some  recent  papers  of  mine  in  The  BrickbuHder,  that  the 
densest  natural  cement  in  this  country  is  the  Rosendale." 

Undoubtedly,  the  determination  of  the  specific  gravity  should  be 
made  in  all  well-equipped  laboratories,  but  the  replies  indicate  that  its 
Tesults  will  not  be  of  much  practical  value  and  the  tests  will  generally 
be  out  of  the  reach  of  ordinary  practice. 

QtJiestio7il8.  —  Wfiat  appai'otus  do  you  prefer,  and  what  is  the  metJiod  of 
manipulation  ? 

Several  members  describe  in  more  or  less  detail  the  apparatus  used 
for  this  test.  Mr.  M.  J.  Butler  describes  an  ordinary  specific  gravity 
bottle  which  he  is  in  the  habit  of  using,  weighing  it  first  full  of  water 
itnd  again  when  filled  with  water  to  which  is  added  100  grains  of 
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cement.  Mr.  J.  L.  Allison  describes  a  volnmometer  which  is  used  with 
turpentine.  Mr.  D.  Molitor  describes  Schumann's  apparatus,  also 
using  turpentine,  and  Mr.  R.  L.  Humphrey  describes  Le  Chatelier's 
apparatus  which  is  used  with  benzine.  Professor  C.  Bichardson 
says:  ''I  alw^ays  obtain  the  density  of  a  cement  in  a  picnometer  on  a 
chemical  balance  with  freshly  distilled  kerosene  of  known  specific 
gravity.  The  ordinary  method  of  determining  the  speciiio  gravity  of 
cements  by  displacement  I  have  found  very  unsatisfactory  on  account 
of  the  difficulty  of  regulating  temperatures  and  excluding  air 
bubbles." 

Question  19. — What  kind  of  sand  should  he  used  in  tests  of  ino9'tars? 
Would  you  recommend  a  naiurcd  sand  or  crushed  quartz? 

Of  34  writers  replying  to  this  question,  20  prefer  crushed  quartz 
and  12  natural  sand,  while  two  do  not  use  sand  tests.  We  quote  several 
of  the  replies  to  this  question: 

Professor  Clifford  Bichardson  says:  "  The  kind  of  sand  to  be  used 
in  making  tests  with  cements  will  depend  upon  whether  an  absolute 
and  standard  test  is  to  be  made  of  the  cement,  or  merely  relative  tests 
with  others  made  in  the  same  wav  in  the  same  laboratory,  or  whether 
the  tests  are  to  be  made  rather  of  the  mortar  to  be  used  than  of  the 
cement  itself  alone.  In  the  former  case,  I  should  recommend  crushed 
quartz  of  a  size  to  be  agreed  upon,  and  am  not  in  favor  of  the  natural 
sand  such  as  is  used  in  Germany.  For  ordinary  comparative  tests, 
however,  a  natural  sand  is  entirely  satisfactory  where  a  uniform  supply 
is  to  be  had,  if  it  is  sifted  so  as  to  exclude  the  coarser  and  finer  par- 
ticles. In  many  cases,  I  have  found  it  of  value  to  test  the  cement 
with  the  sand  to  be  used  upon  the  particular  work  in  which  the  cement 
is  to  be  employed. " 

Captain  F.  V.  Abbot  says:  "Crushed  quartz  should  be  adhered 
to.  This  has  been  the  standard  so  long  that  a  change  would  make 
past  experiments  which  are  now  in  print  and  available  to  the  whole 
profession  valueless  in  comparison  with  future  results.  I  have  per- 
sonally used  screenings  from  crushed  granite,  as  this  was  always  con- 
veniently available." 

J.  P.  Snow,  M.  Am.  Soc.  C.  E.,  says:  **We  have  never  made  a 
practice  of  making  tests  with  sand.  The  strength  is  so  small  that  the 
accidents  of  testing  are  likely  to  cause  great  eccentricity  m  the  indi- 
vidual tests  and  the  time  needed  to  get  proper  results  precludes  its 
use  in  practical  construction  work.  Complete  laboratory  tests  for  a 
scientific  purpose  demand  tests  with  sand,  but  the  regularity  of  manu- 
facture of  any  given  brand  can  be  ascertained  by  testing  neat 
samples." 

Mr.  B.  L.  Humphrey  says:  **It  is  preferable  to  have  a  crushed 
quartz  of  assorted  sizes.  Owing  to  the  difficulty  in  obtaining  such  a 
sand,  it  is  best  to  adopt  as  standard  a  sand  composed  of  grains  which 
pass  a  sieve  having  400  meshes  per  square  inch  and  which  are  retained 
on  a  sieve  having  900  meshes  per  square  inch.  Crushed  quartz  makes 
an  admirable  sand  for  this  purpose,  and  gives  the  best  results;  but  as 
it  is  expensive  and  is  not  always  available,  the  writer  believes  it  would 
be  better  to  sieve  the  local  river  or  bank  sand  to  a  standard  size. 
The  present  American  Society  Standard  sand  is  satisfactory." 

Several  of  the  members  are  in  the  habit  of  using  for  tests  the  same 
sand  that  is  to  be  used  in  the  work,  but  such  a  practice  is,  of  course, 
not  possible  for  standard  tests.  If  a  standard  uniform  sand  were 
easily  accessible  to  all  en^eers,  it  would  probably  be  preferred. 
This  condition  of  things  exists  in  Germany,  where  a  standard  sand  is 
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prescribed.  The  impossibility  of  fuliillin^  this  condition  in  this 
country  is  probably  tne  reason  why  the  majority  of  members  prefer 
to  adhere  to  the  crushed  quartz  previously  recommended  by  the 
Society. 

Questuyti  20,  —  What  fineness  should  he  specked,  and  what  degree  of 
variation  in  size  of  grain  should  he  allowed? 

Of  27  writers  replying  to  this  question,  14  prefer  to  adhere  to  the 
present  standard  of  the  Society — ^that  is,  that  the  sand  shall  pass  a  No. 
20  sieve  and  be  caught  on  a  No.  30.  The  others  give  varying  replies.  One 
considers  that  there  should  be  finer  particles  in  the  sand,  and  recom- 
mends that  about  10%  consist  of  the  standard  sand  while  the  remain- 
ing dXi%  will  pass  the  No.  20  and  will  be  caught  on  the  No.  60. 

Question  21. — Shotdd  the  same  method  of  preparatiofi  he  used  for  eack 
test? 

Twenty -four  replies  advocate  the  same  method  of  preparation  for 
each  test;  three  reply  simply  **  no  ";  two,  that,  in  tests  for  soundness, 
there  should  be  a  greater  proportion  of  water  than  in  tensile  tests;  one, 
that  in  tests  for  setting  and  soundness,  there  should  be  less  w^terthan 
for  tensile  tests;  and  one  replies  that  it  is  an  open  question.  We 
quote  one  of  the  replies,  that  of  Professor  Clifford  Bichardson: 

"It  is  certainly  an  open  question  whether  the  method  of  prepara- 
tion of  the  paste  or  mortar  for  determining  the  time  of  setting  should  be 
the  same  as  that  for  the  tests  for  soundness  and  strength.  I  have 
been  in  the  habit  of  preparing  them  in  the  same  way,  but  as  the 
German  rules  provide  an  essentially  different  paste  for  determining  the 
setting  from  that  of  the  mortar  for  making  test  pieces  for  strength, 
there  is  excellent  authority  for  so  doing.  The  time  of  setting  is  so 
dependent  upon  the  consistency  of  the  mortar  that  it  seems  to  me  it  is 
easier  to  prepare  dry  mortar  uniformly  than  moist  paste,  and  conse- 
quently I  prefer  this  method.'* 

With  reference  to  this,  we  note  that  the  principal  difference  in  the 
Qerman  method  is  that  for  tests  of  set  and  soundness,  neat  cement  is 
used,  and  for  tests  of  strength,  a  mortar  of  cement  and  sand. 

Question  22. — How  shouid proportions  he  staled? 

Eighteen  replies  are  that  proportions  should  be  stated  by  weight, 
five  that  they  should  be  stated  by  volume.  Three  advocate  stating 
the  proportion  of  sand  to  cement  by  volume,  and  the  percentage  of 
water  by  weight.  One  advocates  stating  proportions  bjr  weight  for 
Portland  cement  and  by  volume  for  natural;  and  one  writes  that  the 
proportion  should  be  stated  by  volume,  but  mixtures  made  by 
weight. 

Question  23.  —  What  should  he  tJie  consistency  of  the  pastes  and  mortars 
for  the  various  testSy  and  how  may  this  consistency  he  specified  and  deter- 
mined  in  oi'der  that  similar  results  may  he  obtained  by  all  ope7*alors? 

The  replies  to  this  question,  which  is  a  very  important  one,  are 
quite  diverse,  and  it  is  desirable  to  quote  from  a  number  of  them.  It 
may  be  stated,  however,  that  11  replies  indicate  a  preference  for  the 
use  of  prdctically  as  small  an  amount  of  water  as  possible  in  the 
preparation  of  the  paste,  while  four  express  a  preference  for  the 
German  Standard,  one  of  these  replies,  however,  coming  from  a  German 
manufacturer. 

Mr.  T.  C.  Hatton  says:  **  I  have  during  the  past  three  years  estab- 
lished the  following  standard  for  consistencv,  no  matter  what  cement 
is  to  be  tested,  mixing  suihcient  material  only  to  form  one  briquette  at 
a  time.  Por  Portland  cement.  Quantities  being  taken  in  ounces,  the 
proportions  of  cement,  sand  and  water  are  as  follows:  10,  0,  li;  5,  5^ 
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1A-;  3J,  7,  I;  2J,  7J,  f ;  1},  7A,  J.  For  Datural  cements:  8,  0,  If;  4,  4, 
1A-;  3»  6,  i;  2 J,  6 J,  J.  I  arrived  at  this  result  after  a  vast  deal  of 
trouble  in  trying  to  have  my  assistants  exercise  their  judgment  for 
securing  proper  consistency  without  securing  reliable  results.  Since 
establishing  this  standard,  I  have  had  no  cause  to  change  it. " 

Professor  Clifford  Richardson,  whose  reply  is  typical  of  several 
others,  replies  as  follows:  **In  regard  to  proportions  of  water  for  the 
making  of  briquettes  for  tests  for  soundness  and  strength,  I  should 
say  that  as  little  should  be  used  as  experience  shows  will  bring  the 
resulting  mortar  into  a  plastic  condition  when  rammed  into  the  mould 
and  allow  a  certain  moist  appearance  upon  the  surface  of  the  briquettes. 
The  ordinary  suggestion  that  the  mortar  so  prepared  shall  have  the 
usual  appearance  of  moist  loam  seems  to  me  to  describe  the  condition 
better  than  any  other.  There  are,  however,  certain  conditions  con- 
nected with  the  making  of  dry  mortar  from  the  different  cements 
which  can  onlv  be  learned,  not  described  satisfactorily.  Some  cements 
require  a  much  longer  working  with  a  small  amount  of  water,  than 
others,  and  at  first  seem  to  be  much  too  dry  when  the  proper  amount 
is  used,  but  with  continued  kneading  with  a  spatula  a  point  will  be 
reached  when  the  paste  or  mortar  seems  to  ripen  and  be  readv  for  the 
mould.  I  should  say  that  experience  alone  would  be  the  only  means 
which  will  teach  a  novice  how  to  make  a  proper  mortar.  I  know  of  no 
device  for  determining  when  the  proper  consistency  has  been  obtained. 
This  point  must  be  decided  by  the  eye  and  by  the  feeling  of  the  mortar 
under  the  spatula  or  trowel.  The  manipulation  of  any  cement  into  a 
sand  mortar  must  be  judged  very  largely  from  the  way  it  acts  in  the 
neat  mortar,  and  a  quick-setting  cement  will,  of  coarse,  require  different 
manipulation  from  one  that  is  slow-setting. " 

Captain  F.  V.  Abbot  says:  **  The  only  fair  test  of  a  cement  is  the 
greatest  strength  it  can  be  made  to  attain.  Experience  shows  that 
this  requires  a  different  consistency  for  almost  all  brands.  The  right 
proportion  for  each  brand  should  be  ascertained  by  careful  experiment 
at  the  start,  and  then  this  proportion  should  always  be  used  for  this 
brand  in  subsequent  tests." 

R.  W.  Lesley,  Assoc.  Am.  8oc.  C.  E  ,  says:  "In  my  mind,  no  ab- 
solute specification  can  be  made  by  which  the  consistency  may  abso- 
lutely be  specified  and  determined,  and  by  which  similar  results  may 
be  obtained  by  all  operators.  As  lon^  as  the  personal  equation  exists, 
either  in  the  manipulation  of  the  mechanical  mixing  apparatus,  or  in 
the  mixing  of  briquettes  by  hand,  variations  will  constantly  occur,  due 
to  this  personal  equation.  '* 

C.  S.  Go  wen,  M.  Am  Soc.  C.  E.,  says:  **  In  a  general  way,  enough 
water  should  be  used  to  make  the  mass  plastic  after  a  mixing  so 
thorough  that  no  air  bubbles  will  show^.  The  required  plasticitv  may 
be  defined  as  one  resulting  in  a  mass  that  will  stand  alone  when  sliaped 
with  a  trowel  and  yet  will  spread  slightly  when  the  mixing  slab  is 
rapped  with  the  trowel." 

J.  P.  Snow,  M.  Am.  Soc.  C.  E.,  replies:  **If  mixed  quite  dry,  an  ap- 
parent effervescence  occurs  when  the  briquette  is  placed  in  the  water. 
Sometimes  this  is  so  active  that  the  samples  partially  crumble  and  are 
lost.  If  mixed  quite  wet,  the  setting  is  retarded  and  24  hours  is  hardly 
long  enough  to  get  regular  results.  Again,  the  strength  is  so  small  that 
the  accidents  of  manipulation  have  too  great  a  value  in  the  results, 
as  noted  in  referring  to  sand  tests.  We  aim  to  secure  a  consistency 
that  will  cause  no  dangerous  efiervescence  and  that  will  admit  of 
tamping  into  the  mould  without  much  jelly-like  quaking.    It  is  a  very 
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stiff  paste;  much  too  dry  to  use  comfortably  as  mortar.  For  mixing 
pats  for  tests  of  soundness  and  time  of  setting,  the  paste  is  made 
softer  than  the  above,  or  about  as  stiff  as  common  putty.  We  depend 
wholly  on  the  operator's  judgment  to  j&x  upon  the  correct  consistency. 
Slight  variations  are  of  but  little  account  in  tests  for  soundness,  but 
they  must  be  carefully  guarded  against  in  making  tests  for  tensile 
strength.  These  variations  are  quickly  perceived  when  ramming  the 
cement  into  the  mould.  A  few  trials  will  enable  tluD  operator  to  fix 
upon  the  right  amount  of  water  for  a  strange  brand  of  cement  and  the 
slight  variations  that  will  unavoidably  occur  when  working  with  a 
known  brand  had  best  be  noted  as  'damp,'  *dry,*  etc.,  along  with 
their  number  at  the  time  the  briquettes  are  made.*^" 

Mr.  R.  L.  Humphrey  replies:  **The  writer  believes  that  the  proper 
consistency  for  neat  cement  should  be  such  that  the  paste  when  moulded 
into  a  ball  and  allowed  to  fall  from  a  height  of  about  1  ft. ,  should  not 
flatten  perceptibly  or  crack.  Such  a  consistency  depends  upon  the 
length  of  time  the  paste  is  worked.  The  greatest  uniformitv  is  ob- 
tained by  working  slow-setting  cements  about  five  minutes  and  quick- 
setting  cements  about  two  minutes.  The  writer  has  used,  with 
excellent  results,  the  normal-consistency  apparatus  illustrated  in  the 
accompanying  pamphlet,  for  the  determination  of  the  percentage  of 
water  to  be  used  '*  (Vicat  needle  apparatus). 

All  the  foregoing  replies  indicate  the  preference 'for  a  stiff  paste. 
Several  members,  however,  disagree  with  this  suggestion.  Thus,  Mr. 
J.  L.  Allison  replies  as  follows:  **In  my  opinion,  the  greatest 
uniformity  in  results  could  be  secured  by  using  pastes  of  such  a 
consistency  that  the  moulds  could  be  mled  without  using  any 
compression.  I  have  found  that  satisfactory  results  could  be  obtained 
by  having  the  paste  plastic  enough  to  flow  to  all  parts  of  the  mould 
under  the  action  of  the  point  of  a  trowel  moved  edgewise  (the  trowel 
held  vertically).  The  consistency  of  such  a  paste  may  be  measured 
by  its  resistance  to  the  penetration  of  a  solid  cylinder;  and  the 
consistency  to  which  a  cement  is  to  be  mixed  for  testing  may  be  speci- 
fied by  requiring  it  to  be  mixed  with  such  a  proportion  of  water  as  to 
give  a  paste  into  which  a  solid  cylinder,  of  prescribed  weight  and 
section,  shall  penetrate  a  specified  depth,  the  paste  to  be  contained  in 
a  mould  of  greater  depth  than  the  specified  penetration.  I  have  used 
a  cylinder  10  mm.  in  diameter,  weighted  to  300  grams,  used  on  paste 
filling  a  mould  of  80  mm.  in  diameter  and  40  mm.  deep.  A  penetra- 
tion of  34  mm.  was  the  standard.  This  was  determined  in  the  first 
place  by  mixing  pastes  to  a  satisfactory  consistency  and  noting  the 
penetration.  I  have  not  tried  any  other  sizes  or  weights  of  cylinder 
or  depth  of  mould.'* 

Professor  C.  B.  Smith  writes  as  follows:  **Use  20^  water  with  3 
to  1,  obtaining  soft  mortars  easily  moulded  and  giving  low  tests.  The 
results  are  uniform,  easily  duplicated,  and  accord  with  condition  of 
mason's  mortar.  I  believe  the  French  methods  lean  to  this  idea.  It 
is  standard  for  the  Canadian  Society  of  Civil  Engineers,  and  I,  myself, 
believe  in  it  fully." 

Mr.  A.  G.  Fogg  writes  as  follows:  **My  practice  has  been  to  add 
just  enough  water  to  make  the  mixture  plastic  when  well  mixed  up 
and  worked.  Then  I  ram  it  into  the  mould.  I  use  about  18^^  of 
water  in  neat  Portlands  and  26%  in  neat  Bosendales.  I  am  not  in  favor 
of  this  degree  of  consistency.  The  reason  why  I  adopted  it  was 
because  I  wanted  the  cements  used  on  my  work  tested  as  high  as  any 
in  the  market,  and  ramming  is  practiced  by  a  great  many  testers.    The 
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less  water  that  is  used  and  the  harder  the  paste  is  rammed  into  the 
moulds,  the  higher  the  test.  This  practice  is  a  bad  one,  because  it 
renders  worthless  the  tables  which  are  printed  giving  comparative 
tests  of  different  cements.  Each  cement  dealer  has  his  own  compara- 
tive list. 

*'  Since  we  are  going  to  have  a  uniform  standard,  I  see  no  advan- 
tage in  ramming  at  all.  I  think  it  is  a  source  of  trouble  and  disadvan- 
tage to  the  operator  and  a  variable  factor  in  the  process  of  testing. 
The  only  benefit  that  comes  from  the  practice  goes  to  the  cement 
dealer.  It  takes  time,  is  more  or  less  expensive  (if  done  by  machine), 
and  complicates  the  operations.  It  should  be  eliminated.  I  am  of 
the  present  opinion  that  the  paste  should  be  mixed  thin,  so  as  to  need 
no  ramming.  Say  about  the  same  consistency  as  it  is  used  in  practice 
—for  Portland  mortar,  1  to  1,  about  17%  water.  I  cannot  see  any 
objections  to  this  practice,  and  besides  getting  rid  of  ramming,  we 
would  get  about  the  same  results  which  we  do  in  practice  on  the  works. 
I  do  not  know  of  any  machine  or  device  that  will  determine  the  consist- 
ency of  cement  paste,  nor  do  I  see  any  need  of  one,  because  all  we  are 
aiming  for  is  a  uniform  consistency.  I  think  the  most  convenient  way 
is  for  theCommittee  to  specify  the  percentage  of  water  to  be  used 
with  each  kind  of  cement— Portland,  Rosendale,  etc.,  neat,  1  to  1,  1  to 
2,  etc.     This  would  simplify  the  personal  equation.  '* 

Oueatiaji  24, —  What  shotild  be  the  temperature  of  the  matetnals  used  in 
mixing  ? 

The  replies  to  this  question  indicate  a  preference  for  a  temperature 
of  from  60  to  80^  Fahr. ;  a  number  think  the  precise  temperature  of 
little  importance.  Probably  the  average  of  the  results  would  indicate 
a  preference  for  a  temperature  of  about  70^  Fahr. ,  when  the  precise 
temperature  can  be  controlled. 

Qiiestion  25. — What  sJiould  be  the  temperature  of  the  air  at  mixing  ? 

The  replies  to  this  question  are  practically  the  same  as  those  to 
Question  24,  and  indicate  about  the  same  result. 

Question  26, — How  should  the  quantity  of  water  used  in  m.ixiiig  be 
defined? 

The  majority  of  the  replies  to  this  question  are  to  the  effect  that 
the  quantity  should  be  defined  by  stating  the  percentage  of  the  weight 
of  cement.  Of  course  this  percentage  depends  upon  the  character  of 
the  cement.  Several  of  the  replies  indicate  that  the  quantity  should 
be  defined  simply  with  reference  to  the  consistency  of  the  mortar; 
thus  we  quote  the  reply  of  Professor  Clifford  Bichardson:  **  The  quan- 
tity of  water  to  be  used  in  mixing  can  only  be  defined  as  an  amount 
suitable  for  making  the  driest  mortar  which  shall  show  water  upon 
the  surface  when  rammed  into  the  mould,  and  which,  at  the  same  time, 
shall  be  sufficient  to  develop  the  best  features  of  the  cement,  as  judged 
by  its  appearance  when  mixed  in  the  form  of  neat  mortar." 

(Questions  27,  28,  29  and  30,-27,  Wlutt  should  be  the  metlmd  of 
mixing  ?  28.  Bo  you  prefer  hand  ai'  m,achine  mixing  ?  29.  If  the  Itttt^^y 
what  machine  do  you  prefer,  or  what  form  would  you  suggest  for  trial?  30, 
l}o  you  know  of  any  machine  that  has  given  good  results?  If  so,  tphnt  is 
the  method  of  manipulation,  and  what  are  its  advantages  and  defecta  ? 

The  greater  number  of  those  who  reply  have  only  used  hand 
mixing,  or  if  they  have  used  other  methods,  prefer  hand  mixing. 
Several,  however,  of  those  whose  experience  has  been  confined  to 
band  mixing  are  of  the  opinion  that  machine  mixing  would  be  better, 
and  that  it  ought  to  give  more  uniform  results,  but  they  do  not  know 
of  any  satisfactory  machine.     The  machines  mentioned  by  those  who 
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prefer  machine  mixing  are  those  of  Schmelzer,  Faija,  Tetmajer  and  the 
**iig'*  used  by  the  St.  Louis  Water- Works.  With  reference  to 
methods  of  mixing,  there  is,  apparently,  not  a  great  di£ference  of 
opinion.  The  general  reply  to  this  question  is  that  the  material 
should  be  mixed  dry,  then  the  water  added  and  then  all  worked  into  a 
paste.  The  majority  of  the  members  who  mentioned  this  point  advo- 
cate adding  the  water  at  once,  but  two  especially  mention  the  fact  that 
they  add  it  little  by  little.  One  adds  it  all  at  once  for  tension  tests, 
and  little  by  little  for  making  pats.  Most  of  fhe  members  specify  the 
use  of  a  trowel,  although  some  prefer  kneading  with  the  hands,  and 
one  uses  an  iron  spoon.  We  quote  a  few  extracts  which  may  be  of 
interest. 

Professor  CliflPord  Bichardson  writes  as  follows:  **  I  have  found  no 
method  of  mixing  to  compare  with  that  done  by  hand,  as  the  latter 
permits  of  some  judgment  in  the  handling  of  the  mortar  and  in  the 
amount  of  water  which  must  be  used.  I  have  found  that  the  best 
method  of  manipulation  by  hand  is  with  a  large  steel  spatula,  the 
blade  of  which  is  10  ins.  long  and  1|  ins.  broad.  This  is  much  more 
satisfactory  than  a  trowel.  To  the  amount  of  cement  taken  for  the 
formation  of  test  pieces,  the  requisite  water  is  added,  as  far  as  pos- 
sible, all  at  once,  and  cement  and  water  worked  back  and  forth  under 
the  spatula  and  thoroughly  mixed  until  a  peculiar  appearance  shows 
that  the  water  and  cement  are  combined,  and  what  appears  to  be  a 
certain  chemical  combination  between  a  portion  of  the  water  and  the 
cement  has  taken  place.  In  case  of  a  slow- setting  Portland  cement 
this  would  require  about  five  minutes,  but  with  quick-setting  cement, 
the  time  would  be  less.  After  an  extended  experience  in  making 
mortars  for  tests,  and  instructing  novices  in  the  matter,  I  have  come 
to  the  conclusion  that  nothing  but  practice  and  watching  those  skilled 
in  the  preparation  of  mortar  will  enable  a  novice  to  acquire  the  neces- 
sary skill  in  so  doing.  I  do  not  think  that  any  written  instructions 
can  prove  more  than  a  rough  guide  in  this  respect.  Perhaps,  for  the 
novice,  machine  mixing  may  be  preferable  to  the  crude  attempts  that 
he  would  make  by  hand.'* 

Mr.  0.  S.  Gowen  writes:  **We  prefer  hand  work.  After  the  trowel 
work  and  kneading  work  as  noted  above  is  done,  the  mass  is  pressed^ 
not  rammed,  into  the  mould,  which  is  then  smoothed  with  the  trowel; 
then  immediately  turned  over,  when  the  bottom  or  under  side  is  in 
turn  filled  and  smoothed." 

With  reference  to  machines.  Captain  F.  V.  Abbot  writes  as  follows: 
'*  I  suggest  a  cubical  box  mixer  of  a  size  to  properly  mix  three 
briquettes  at  once.  A  perfectly  water-tight  door  must  be  provided  for 
the  box,  and  this  door  should  constitute  one  entire  side  of  the  box. 
The  shaft  should  be  continued  all  the  way  through  the  box,  as  this 
assists  much  in  the  complete  admixture  of  the  contents.  I  have  not 
used  the  above  machine,  but  I  have  heard  that  it  has  proved  to  be 
convenient  and  efficient.  It  should  be  revolved  by  power,  and  the 
same  number  of  revolutions  should  be  given  to  each  batch." 

Mr.  J.  L.  Allison  writes  as  follows:  **  Have  used  only  Faija's,  but 
found  it  satisfactory.  This  machine  gives  a  thorough  mixing  and 
permits  of  the  paste,  etc.,  being  quickly  removed  and  of  all  parts  being 
easily  cleaned.  The  bearing  of  the  shaft  carrying  the  mixing  blades 
wears  rapidly." 

Mr.  D.  Molitor  writes  as  follows:  **I  would  suggest  a  revolving 
cylindrical  drum  on  a  fixed  axle  provided  with  paddles  or  thorn-like 
pVojections  as  a  very  simple  and  serviceable  apparatus.     The  ingre- 
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dients  could  be  placed  in  the  dram,  the  opening  in  drum  closed,  the 
degree  of  mixing  could  be  conducted  uniformly  by  revolving  the  drum 
a  certain  number  of  revolutions  at  a  nearly  constant  rate.  Perhaps 
the  axle  could  be  rotated  in  reverse  direction  from  drum. " 

Mr.  B  L.  Humphrey,  who  uses  hand  mixing,  nevertheless  makes 
the  following  recommendation :  *  'The  writer  recommends,  as  a  mechan* 
ical  mixer,  a  cubical  box  revolving  at  a  high  speed  on  trunnions 
located  on  the  axis  passing  through  two  opposite  corners.  I  do  not 
know  of  a  machine  that  has  yielded  results  that  are  entirely  satisfac- 
tory or  that  are  as  reliable  as  those  obtained  by  hand  mixing. " 

Question  31, — How  hug  should  the  mixing  be  conlinued?  Should  this 
he  defined  hy  stating  the  length  of  tivn^y  or  by  reference  to  the  character  of  the 
resulting  mortar  ? 

The  majority  of  the  replies  are  in  favor  of  determining  the  length 
of  time  of  mixing  by  reference  to  the  character  of  the  mortar.  This 
will,  of  course,  depend  upon  the  amount  of  mortar  that  is  made  in  one 
batch. 

Questiotis  32 y  33  and  34. — 32.  What  do  you  consider  the  best  method 
of  determining  the  time  of  setting  ?  33.  How  shaU  the  beginning  of  the  set 
be  defined  ?    34.  How  shall  the  end  of  the  set  be  defined  ? 

The  majority  of  the  replies  to  these  questions  are  in  favor  of  the 
use  of  the  standard  needle  as  specified  in  the  report  of  the  previous 
committee  of  this  Society.  Five  replies,  however,  indicate  a  preference 
for  the  German  method.  M.  Toltz,  Assoc.  M.  Am.  Soc.  C.  £.  writes: 
**  We  have  failed  to  discover  a  method  of  defining  the  beginning  and 
ending  of  the  set.  Have  used  neat  cement  pats  on  pieces  of  glass  and 
timed  the  setting  by  pulling  a  string  through  the  pats." 

Captain  F.  V.  Abbot  writes:  **I  am  inclined  to  try  the  method  of 
Wm.  8.  MacHarg.*  I  have  found  all  the  needle  tests  very  unsatisfac- 
tory in  actual  use,  demanding  extreme  care  on  the  part  of  the  cement 
tester,  and  being  greatly  affected  by  his  personal  equation." 

Question  35. — Should  this  test  be  made  on  neat  cement  paste,  or  mi 
mortars,  and  if  the  latter,  wJiat  proportions  of  cement  and  sand  should  be 
used? 

A  great  majority  prefer  that  the  tests  should  be  made  with  neat 
cement  paste,  while  I  advocate  the  use  both  with  neat  cement  and 
with  mortars.  Mr.  R.  W.  Lesley  writes  as  follow^:  **  Should  be  gov- 
erned by  the  conditions  under  which  the  test  is  made.  If  the  problem 
is  merely  to  determine  the  time  of  the  setting  of  a  given  cement,  its 
results  in  sand  mortar  being  already  ascertained,  the  neat  pats  should 
be  tested;  but  if  the  problem  is  to  determine  whether  a  new  cement 
can  be  safely  manipulated  in  sufficient  time  to  allow  it  to  be  brought 
to  the  place  of  use  on  the  work,  then  mixtures  of  sand  and  cement,  in 
the  proportions  in  which  the  mortar  is  to  be  used  on  the  work,  should 
be  made. " 

Questions  36  and  37. — 36.  Whal  should  be  the  consistency  of  Uie  mor- 
tar? 37.  WhfU  should  be  the  temperature  of  materials  and  of  air,  quantity 
of  water,  and  method  of  m icing  ? 

The  replies  to  those  questions  are  practically  the  same  as  the 
replies  to  Questions  23  and  24. 

Question  38. — What  should  be  the  method  of  making  the  pats,  or  of  filling 
the  moulds,  if  they  are  used? 

The  repUes  to  this  question  are  in  general  similar  to  those  with  ref- 
erence to  making  briquettes,  and  need  not  be  specially  referred  to,  as 
they  are  sufficiently  covered  by  the  replies  to  Question  48. 

•  Engineering  News,  Vol.  xxxvli,  p.  10. 
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Question  39. — How  shatt,  the  pats  or  briquettes  he  treated  during  siting  ? 

The  general  reply  to  this  question  is  that  the  briquettes  or  pats 
should  be  kept  under  a  damp  cloth  or  in  air  near  J  y  saturated.  A  num- 
ber of  the  replies,  however,  simply  state  that  they  should  be  kept  in 
air.  Two  of  the  replies,  which  state  that  they  should  be  kept  in 
air,  add  that  they  should  be  placed  in  water  if  the  cement  is  to  be  used 
under  water.  Mr.  M.  J.  Butler  writes:  **  A  very  excellent  plan  is  to 
use  an  iron  pan  inverted  over  pat — on  the  bottom  of  the  pan,  inside, 
fasten  a  couple  of  sheets  of  felt,  thoroughly  dampened.  The  set  then 
takes  place  in  a  moist  atmosphere." 

Professor  .Clifford  Bichardson  writes :  •  *  If  the  setting  is  determined 
from  the  briquette  preserved  in  the  moist  chamber,  the  time  of  setting 
may,  in  some  cases,  be  very  much  delayed.  I,  therefore,  think  that 
the  determination  of  setting  should  be  made  on  test  pieces  exposed 
to  the  air,  and  that  the  temperature  should  be  noted,  as  this  will  seri- 
ously affect  the  rate  of  setting  of  all  cements.'' 

Question  40,  What  should  be  the  temperature  of  the  water  in  which  pats 
are  placed? 

Most  of  the  replies  indicate  that  the  pats  should  not  be  placed  in 
water  at  all.  If  placed  there,  however,  the  temperature  should  gener- 
ally be  from  65  to  70o  Fahr. 

Question  41.  —  Wliatdityou  oonMderthe  best  test  for  soundness  in  the  c<ise 
of  Portland  cement  ?     What  in  the  case  of  natural  cement  ? 

Eleven  replies  indicate  a  preference  for  the  present  standard  test  of 
the  American  Society  of  Civil  Engineers  A  few  of  the  replies,  how- 
ever, indicate  a  preference  for  the  steam  or  hot  water  tests.  We  quote 
a  few  of  the  replies  which  may  be  considered  typical  and  of  interest. . 
Professor  Clifford  Bichardson  writes:  "  For  Portland  cement,  placing 
a  thin  pat  of  cement  upon  a  glass  plate  in  water  at  ordinanr  temperature 
for  a  considerable  length  of  time.  The  process  which  I  have  used  is 
that  ordinarily  described,  and  is  the  one  which  requires  no  elaborate 
apparatus.  The  same  test  is  satisfactory  for  natural  cements.  Where 
time  is  an  element  to  be  considered,  some  of  the  accelerated  tests  I 
have  found  to  be  of  value  and  have  subjected  pats  made  upon  glass, 
and  ordinary  briquettes,  to  the  action  of  water  at  160°  Fahr.,  or  to 
the  action  of  live  steam  for  eight  hours  in  each  case,  as  well  as  the 
exposure  of  the  test  pieces,  after  they  have  attained  hard  set,  to  the 
temperature  of  212^  Fahr. ,  in  a  dry  oven.  I  should  say  that  the  first 
and  last  tests,  representing  a  mild  and  severe  form  of  the  accelerated 
tests,  could  be  carried  out  without  difficulty  in  any  ordinary  cement 
laboratory.  None  but  very  inferior  brands  of  Portland  cement  will 
fail  when*^pats  or  briquettes  are  placed  in  cold  water,  raised  to  a  tem- 
perature of  160^  Fahr.,  and  maintained  at  this  temperature  for  eight 
hours.  The  steam  tests  will  cause  a  few  very  satisfactory  brands  of 
Portland  cement  to  check  slightly.  The  dry  oven,  or  kiln  test,  as  it  is 
called,  lies,  in  severity,  probably  between  the  two.  I  use  them  both,  but 
should  not  condemn  a  cement  if  it  passed  the  160<^  test  satisfactorily 
but  showed  slight  cracks  on  steaming.  I  would  recommend  that  the 
mildest  form  of  test  alone  be  specified  in  any  uniform  system  of  tests 
which  may  be  agreed  upon,  although  the  others  may  prove  instructive 
in  certain  cases." 

Mr.  C.  8.  Go  wen  writes:  **In  either,  the  simplest  and  most  practi- 
cal test  is  by  means  of  thin  pats  made  with  thin,  sharp  edge  on  zinc 
plates.  These,  after  24  hours  in  air,  should  be  placed  in  water  for 
6  days.  The  bottle  tests  with  grout  can  also  be  used.  These  samples 
should  be  watched  for  checks  and  cracks.    A  useful  but  not  altogether 
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conclusiye  test  is  by  means  of  a  thermometer  immersed  in  a  gront  of 
eqnal  parts  of  cement  and  water.  The  rise  of  temperature,  whether 
immediate  or  occurring  more  slowly  as  setting  takes  place,  may  indicate 
greenness  or  lack  of  seasoning.  Care  should  betaken  to  have  the 
cement  and  water  at  a  uniform  temperature,  to  place  the  apparatus  out 
of  draughts  in  a  place  where  the  temperature  is  as  nearly  as  possible 
uniform  and  preferably  not  above  60  degrees.  The  dish  used  for  this 
experiment  should  be  of  glass  or  earthenware  with  moderately  thick 
sides.  More  elaborate  tests  than  the  above  had  better  be  referred  to 
an  analytic  laboratory." 

Mr,  K.  W.  Lesley  writes:  "  No  others  show  any  degree  of  uniformity 
or  regularity,  whereas  the  tests  now  in  existence  have  borne  the  stress 
of  time,  and  have  produced  results  which  have  made  Portland  cement 
well  knowD,  the  world  over.  In  a  case  of  this  kind,  where  a  specifica- 
tion is  to  be  made  governing  well-equipped  testing  laboratories,  as  well 
as  the  ordinary  laboratories  on  important  pieces  of  engineering  work 
all  over  the  country,  it  would  be  a  very  dangerous  thing,  in  my  judg- 
ment, to  attempt  to  lay  out  any  line  of  accelerated  tests,  pending  the 
recent  conclusion  of  the  German  Society  to  maintain  the  present  stand- 
ards, and  pending  the  report  of  their  committee  upon  this  subject, 
and  especially  in  view  of  various  Government  engineers  abandoning 
these  accelerated  tests. " 

Mr.  J.  P.  Snow  writes:  **I  consider  the  quahties  generally  covered 
by  the  term  *  soundness  *  fully  as  important  as  the  absolute  tensile 
strength.  For  natural  cements,  our  general  practice  is  to  make  small 
pats,  on  glass  plates,  of  neat  cement  mixed  to  the  consistency  of  putty; 
work  it  thoroughly  with  the  trowel  and  work  up  the  edges  of  the  pat 
so  that  they  shall  be  vertical  or  slightly  overhanging,  and,  as  soon  as 
made  up,  place  them  carefully  in  water.  These  pats  will  be  from  J 
to  j  in.  thick,  and  if  tbey  do  not  crumble  down  on  the  edges,  it  is 
taken  as  a  sign  of  reliability.  Another  wav  is  to  work  up  a  small  pat 
on  glass  with  the  fingers,  leaving  a  sort  of  pyramid  with  very  sharp 
thin  edges  standing  about  { in.  high.  This  is  carefully  placed  in  water 
as  soon  as  formed,  and,  unless  it  is  the  very  best  of  cement,  the  edges 
will  crumble. 

'*  If  a  pat  crumbles  somewhat  on  the  edges  and  the  debris  sets  up 
so  that  it  will  hang  together  and  not  wash  off,  it  is  considered  a  favor- 
able indication. 

''  These  tests  are  rather  severe.  If  a  pat  crumbles  at  the  edges  and 
the  debris  remains  mostly  friable,  while  the  central  part  hardens  up  in 
good  shape  and  shows  no  signs  of  cracking  after  a  week's  immersion, 
the  cement  may  be  used  with  confidence  in  its  soundness.  Some 
cements  will  appear  to  stand  well  for  a  day  or  two  and  then  crack  up 
and  disintegrate.  This  action,  if  pronounced,  would  lead  to  rejection 
of  the  material. 

'*But  little  can  be  learned  from  the  action  of  natural  cement  pats 
hardened  in  the  air.  A  bluish  color  is  taken  as  a  good  indication,  but 
it  is  by  no  means  essential.  A  uniform  color  is  to  be  preferred  to  a 
mottled  appearance,  and  if  a  decided  hole  of  a  yellowish  color  forms  on 
the  pat,  tne  material  is  looked  upon  with  suspicion. 

'*  These  tests,  combined  with  those  for  fineness,  if  made  by  an  ex- 
perienced person,  will  indicate  good  and  poor  material  as  surely  as  tests 
for  strength. 

'^It  has  been  my  experience  that  Portland  cement  does  not  show  its 
good  and  bad  qualities  so  readilv  as  natural  cement  when  tested  in 
pats.     Good  Portland  cement  will  quite  frequently  crumble  down  when 
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put  into  the  water  as  soon  as  mixed,  and  if  allowed  to  partially  set  in 
air  before  immersion  it  would  be  a  very  poor  article  indeed  that  would 
not  show  up  all  right.  The  crumbled  debris  of  a  pat  will  set  quite 
hard  and  firm  if  the  cement  is  good,  much  harder  than  in  the  case  of 
natural  cements.  The  color  of  a  pat  set  wholly  in  the  air  and  sunlight 
is  a  more  valuable  guide,  I  think,  in  Portland  than  in  natuiul  cements. 
The  boiling  test,  so-called,  is  useful  in  ascertaining  if  Portland  cement 
has  an  excess  of  lime,  although  it  has  not  been  used  much  by  us. " 

Mr.  E.  L.  Humphrey  writes:  **  Numerous  tests  have  been  devised 
for  determining  the  soundness  of  a  cement,  or  more  properly,  its  con- 
stancy of  volume,  without  as  yet  resulting  in  a  test  that  is  thoroughly 
reliable.  Probably  the  German  requirement  that  cement,  after  hard 
set,  immersed  in  water  maintained  at  a  normal  temperature,  shall  show 
no  signs  of  swelling,  checking  or  disintegration,  is  the  most  reliable, 
both  for  natural  and  Portland  cements.  A  cement,  however,  unless  of 
very  bad  quality,  rarely  fails  to  meet  this  requirement  in  short  periods 
of  time.  As  a  quick  test  for  the  determination  of  the  soundness  of  a 
cement,  it  is  therefore  of  no  practical  value.  Begarding  the  accelerated 
tests  for  determining  constancy  of  volume  of  Portland  cement,  it  is  the 
writer's  opinion,  based  on  numerous  tests,  that  the  best  method  is  the 
*  hot  water '  test.  In  this  test  the  cement  is  made  into  pats  2  or  3  ins. 
in  diameter,  \  in.  thick  at  the  center,  with  thin  edges;  these  pats  are 
preserved  in  moist  air  for  24  hours  and  then  placed  in  water  maintained 
at  a  constant  temperature  of  175^  Fahr.  These  pats  should  show  no 
sisnis  of  swelling,  checking  or  disintegrating,  and  as  a  rule  should 
adhere  firmly  to  the  glass  on  which  they  are  made.  The  apparatus 
used  by  the  writer  for  the  hot  water  test  is  described  on  pages  12-13-14 
of  the  accompanying  pamphlet;  it  is  too  elaborate  for  any  except  a  well- 
equipped  laboratory.  The  hot  water  test  can  be  made  very  readily  in 
any  vessel  in  which  water  can  be  boiled,  although  the  results  of  the 
tests  made  in  boiling  water  are  not  as  a  rule  as  reliable  as  those  made 
in  water  maintained  at  a  constant  temperature  of  about  175^  Fahr.  A 
thoroughly  normal  Portland  cement  will  meet  this  test.  For  natural 
cement,  t^is  test  is  too  severe,  and  only  the  best  grades  will  stand  it. 
Pats  made  from  natural  cement  and  preserved  in  water  at  normal  tem- 
perature, and  in  air,  afford  more  reliable  results.  For  the  determination 
of  the  soundness  of  a  cement,  the  writer  preserves  pats  of  neat  cement, 
both  natural  and  Portland,  of  normal  consistency  in  steam  as  soon  as 
made,  in  air,  in  water  at  normal  temperature,  and  in  hot  water,  at  the 
end  of  24  hours  in  moist  air.  Pats  preserved  in  air  furnish  consider- 
able information.  A  good  normal  cement  should  have  a  uniform  color, 
should  remain  firm  and  hard,  and  show  no  signs  of  swelling  or  check- 
ing. Like  the  cold  water  test  it  requires  time  and  is  not  therefore 
adaptable  for  quick  tests. " 

Question  42. — What  propcyi't ions  of  cement  and  sand  shoukl  he  used  in 
mortar  for  tests  of  tensile  strength  ? 

The  general  opinion  in  reply  to  this  question  is  in  favor  of  the  use 
of  the  proportion  of  1  to  3  for  Portland,  and  1  to  2  for  natural  cements. 
A  number  of  members  mention  other  proportions,  and  a  number  are  in 
favor  of  making  only  neat  tests.  We  quote  the  reply  of  Mr.  J.  L. 
Allison  as  interesting  in  connection  with  the  lash-mentioned  opinion: 
**  It  is  my  belief  that  tests  with  sand,  as  forming  part  of  the  acceptance 
tests,  are  not  only  unnecessary,  but  undesirable.  The  object  of  tests  is 
to  secure  a  cement  of  good  quality  in  a  state  most  suitable  for  making 
mortar.  The  tests  for  specific  gravitv,  soundness,  tensile  strength, 
etc.,  show  the  quality;  and  the  testing  by  means  of  fine  sieves  for  fine- 
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ness  of  grinding,  shows  its  suitability  for  making  mortar.  I  have 
never  known  a  good  cement,  if  finely  ground,  fail  to  give  a  high  test 
with  sand,  while  on  the  other  hand,  I  have  known  poor  cements,  when 
finely  ground,  to  give  a  high  mortar  test.  The  undesirable  feature  of 
the  test  is  that  it  introduces  a  dual  standard  of  strength.  If  the  ten- 
sile strength  of  a  cement  should  fall  below  the  specifications — while  the 
sand  test  passed — a  contractor  would  have  (under  certain  conditions^  a 
chance  to  force  the  acceptance  of  a  weak  cement.  If  this  test  is  to  be 
included  in  acceptance  tests,  the  specifications  should,  in  my  opinion, 
distinctly  state  that  the  results  obtained  from  it  would  not  be  taken  as 
giving  any  information  as  to  the  strength  of  the  cement;  but  would  be 
considered  only  as  bearing  on  the  question  of  the  fineness  of  grinding. 
It  was  at  one  time  my  opinion  that  tensile  tests  should  be  made  on 
mortar  briquettes  only;  but  a  close  acquaintance  with  the  differences  in 
results  caused  by  slight  differences  in  mixing  and  filling,  forced  me  to 
abandon  that  opinion.  Information  of  much  value  may  be  obtained 
from  mortar  tests  made  for  the  purpose  of  determining  the  relative 
value  of  different  sands,  and  for  finding  out  the  extent  to  which  the 
sand  to  be  used  may  be.  added  to  the  cement  for  the  different  classes  of 
work.  For  this  purpose  the  mixing  should  approximate  to  the  actual 
conditions  on  the  work,  and  the  mortar  should  be  thin  enough  to  flow 
in  the  mould  under  the  influence  of  the  point  of  a  trowel  moved  edge- 
wise.    No  compression  whatever  should  be  used  in  filling. " 

Question  43. — Bo  you  advocate  adhering  to  the  Am,  Soc.  C.  E./orm  of 
briquette  in  future  requirements  ?    If  not,  what  form  do  you  prefer  ? 

A  large  majority  of  those  replying  to  this  question  are  in  favor  of 
adhering  to  the  present  form  of  briquette  adopted  by  the  Society,  25 
replies  indicating  this  preference,  while  four  advocate  a  change.  Of 
those  preferring  the  present  form,  one  thinks  the  clip  should  be  modi- 
fied, while  Mr.  R  L.  Humphrey  has  modified  the  form  slightly  by 
rounding  the  corners.  "We  quote  a  few  replies.  Professor  A.  V.  Sims 
-writes:  **Have  not  been  able  to  obtain  satisfactory  results  with  the 
Am.  Soc.  C.  E.  form  of  briquette,  nor  with  any  form  of  briquette  when 
broken  by  any  clips  on  the  market,  nor  with  any  form  of  briquette  or 
clips  with  hand-made  briquettes. "  He  has  been  experimenting  with  a 
new  form  of  clips  and  a  briquette  machine  of  his  own  invention  and  a 
new  mould. 

Professor  J.  B.  Johnson  writes  that  he  is  satisfied  that  the  form  of 
briquette  should  be  changed  to  something  like  that  shown  in  Fig.  356 
of  his  book  on  *'  Materials."  This  shows  25  to  S0%  greater  strength 
than  the  common  forms,  either  American  or  German. 

Professor  Clifford  Richardson,  on  the  other  hand,  writes  as  follows: 
**  I  can  see  no  reason  for  depai*ting  from  the  form  of  briquette  recom- 
mended by  the  American  Society  of  Civil  Engineers  in  1885.  When 
properly  used  it  has  given  entirely  satisfactory  results.  If  any  de- 
parture should  be  made,  it  should,  in  my  opinion,  be  in  the  direction, 
not  of  an  alteration  of  the  shape  of  the  briquette,  but  of  reducing  its 
size  to  that  of  the  cross-section  employed  on  the  Continent,  5  sq.  cm. , 
or  0.775  sq.  in.  Briquettes  with  the  latter  cross-section  require  less 
mortar  for  their  preparation  and  can  be  more  satisfactorily  made. 
They  will  also  give  considerably  higher  results  in  ease  of  tensile 
strength." 

Question  44. — Is  your  preference  based  on  comparative  experiments,  or 
is  it  the  result  of  satisfactory  experience  with  one  form? 

Of  the  25  who  are  in  favor  of  retaining  the  present  form,  18  state 
their  opinion  to  be  the  result  of  satisfactory  experience  with  this  form. 
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Four  state  that  their  opinion  is  based  on  comparative  experiments, 
and  3  state  that  their  preference  is  based  on  both  comparative  experi- 
ments and  satisfactory  experience  with  the  present  form. 

Questioyi  45.  —  Upon  what  sort  of  surface  should  the  briquette  he  made? 

The  practically  nnanimons  reply  to  this  question  is  that  the  surface 
should  be  non-absorbent  and  smooth;  that  is  to  say,  a  surface  of 
marble,  slate,  glass  or  smooth  metal.  One  of  the  German  manufac- 
turers in  his  reply  to  the  circular  gives  naturally,  of  course,  the  reply 
thatitshbuld  be  **a  smooth  metal  surface,  covered  with  a  piece  of 
moistened  blotting  paper." 

Question  46. — Should  the  briquette  be  finished  with  a  trowel  on  both  sides? 

Thirteen  replies  are  that  the  briquette  should  be  finished  with  a 
trowel  on  both  sides,  and  16  that  it  should  be  finished  only  with  the 
trowel  on  top.  Some  think  that  the  bottom  which  rests  on  a  smooth 
surface  will  be  smooth  and  completely  filled  in  any  cape,  but  others, 
like  Professor  Cliflford  Richardson,  think  differently.  Thus  Professor 
Richardson  writes:  "Compressed  upon  both  sides;  have  used  for  this 
purpose  a  stiff  putty  knife  which  has  been  ground  to  a  proper  width 
to  pass  the  narrowest  section  of  the  mould.  If  the  briquettes  are  not 
compressed  upon  both  sides,  I  have  found  that  they  have  a  very 
uneven  density." 

Question  47. —  WJiat  shotdd  be  the  consistency  cfthe  mortar  ? 

The  replies  to  this  question  agree  substantially  with  the  replies  to 
Question  23,  and  need  not  be  further  dwelt  upon.  Mr.  R.  L.  Hum- 
phrey gives  the  following  formula:  *•  The  consistency  of  the  mortar  is 
best  regulated  by  determining  the  percentage  of  water  required  for 
different  proportions  of  sand.  The  writer  has  adopted  the  following 
formula  for  this  purpose:  j&  —  f  iV u4  -|-  60,  where 

N  ^^  weight  (in  grams)  of  the  water  required  for  1  000  grams  of 

neat  cement. 
A  =  weight  of  cement  (in  kilograms)  in  1  000  grams  of  sand 

mixture. 
^=  weight  (in  grams)  of  water  required  for  the  sand  mixture." 

Question  48.  —  What  method  of  filling  the  moidds  do  you  advise?  Bo  you 
recommend  the  use  of  a  mxichinef<yr  moulding ,  mid,  if  so,  what  form  would 
you  suggest  ? 

Seven  replies  indicate  a  preference  for  machine  moulding,  while  21 
indicate  a  preference  for  hand  moulding.  Of  those  preferring  the 
machine,  two  prefer  the  Bohme  hammer ;  one  suggests  a  machine 
built  like  the  old-fashioned  hand  press  used  in  re- pressing  brick;  two 
prefer  a  machine,  on  general  principles;  one  (Captain  F.  V.  Abbot)  says: 
**Fill  the  mould  in  several  layers,  pressed  down  with  the  thumbs. 
Have  a  considerable  surplus.  Fit  a  second  mould  over  the  first,  put 
a  brass  plunger  in  the  top  mould,  and  apply  a  steady  pressure  of  500 
lbs.  to  the  top  of  the  plunger.  Keep  this  pressure  on  the  briquette  for 
two  minutes  exactly."  Another,  Professor  Richardson,  writes:  "For 
ordinary  tests  I  would  recommend  filling  the  mould  by  hand,  as  this 
can  be  done  much  more  rapidly  than  with  any  machine  except  that 
devised  by  Professor  Jameson,  of  the  State  University  of  Iowa,  which, 
however,  is  not  satisfactory  for  use  with  standard  quartz  mortar,  which 
is  the  mortar  most  generally  used.  I  should  recommend  the  use  of  a 
machine  for  moulding,  such  as  that  employed  at  the  Royal  Testing 
Laboratory  at  Berlin,  where  absolute  tests  of  any  cement  are  to  be 
made;  but  for  ordinary  relative  tests  ordinary  hand  moulding  is  quite 
as  satisfactory  and  much  more  rapid." 

We  quote  a  few  more  of  the  replies.     C.  D.  Purdon,  M.  Am.  Soc. 
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C.  E..  writes:  *'  I  use  a  putty  knife  or  small  trowel,  filling  the  mould 
about  one-quarter  or  one-fifth  and  tamping  with  the  handle.  Have 
seen  a  machine  by  William  Lee  Tread  well,  M.  Am.  Soe.  C.  E.,  which  I 
think  would  give  good  results.'* 

D.  M.  Andrews,  M.  Am.  Soc.  C.  E.,  writes:  **The  cement  should  be 
thoroughly  pressed  into  the  moulds  with  the  trowel  or  lingers,  and  all 
air  bubbles  worked  out,  but  should  not  be  rammed." 

Mr.  J.  L.  Allison  writes:  **The  moulds — 40  mm.  deep — resting  on 
glass  slabs,  should  be  filled  without  compression  (see  Question  23). 
The  moulds  should  be  given  the  slightest  possible  film  of  oil  and  laid 
on  a  glass  slab.  The  paste  should  be  made  to  flow  to  all  paiis  of  the 
moulds  bv  the  edgewise  motion  of  the  point  of  a  trowel  held  verti- 
cally. Tde  surplus  paste  should  be  removed,  and  the  surface  smoothed 
with  the  trowel,  with  the  least  possible  amount  of  compression  or  work 
on  the  paste.  The  moulds,  when  filled,  should  not  be  lifted  or  other- 
wise displaced  from  their  first  position  on  the  glass  slab  until  the 
briquette  becomes  hard  set.  I  am  decidedly  opposed  to  the  use  of  a 
machine,  unless  it  could  be  arranged  so  as  to  fill  the  moulds  without 
putting  compression  or  other  work  on  the  paste.'* 

Mr.  A.  O.  Gray  don  writes:  **  We  fill  moulds  by  hand.  We  place 
sufficient  cement  at  once  to  fill  moiild  about  1  in.  over  the  top,  then 
run  point  of  trowel  through  several  times  to  take  out  air  bubbles  and 
stroke  off,  using  only  light  pressure  of  the  hand  in  doing  this.  Do 
not  favor  a  machine." 

Professor  J.  A.  L.  Wad  dell  writes:  **  I  advise  filling  the  moulds  by 
hand  as  previously  described.  I  have  experimented,  at  considerable 
expense,  upon  a  machine  for  making  briquettes.  It  appeared  at  first 
to  do  the  work  very  satisfactorily,  but  I  found  in  the  long-time  tests 
so  much  irregularity  in  the  strength  of  the  briquettes  that  I  was 
forced  to  abandon  all  the  tests  of  briquettes  made  by  the  machine.  I 
know  of  no  satisfactory  machine  for  making  briquettes. " 

Mr.  R.  W.  Lesley  writes:  "The  best  method  of  filling  the  moulds 
is  to  take  the  material  from  the  plate  or  wash-basin  in  which  it  has 
been  mixed,  and  to  place  it  in  the  moulds  with  the  fingers  or  with  a 
spatula,  and  then  to  press  it  in  until  the  cement  is  well  and  equallv 
distributed  all  over  the  mould.  So  far  as  machines  for  making  bri- 
quettes are  concerned,  I  know  of  none  except  that  used  by  Tetmajer, 
and  also  the  German  machine  already  referred  to  in  my  replies  to 
Questions  28  and  29,  and,  as  stated,  the  Tetmajer  machine ^is  much  the 
more  rapid,  and  the  German  machine  has  fallen  into  disuse  in  several 
cases  where  such  apparatus  has  been  used." 

Mr.  R.  L.  Humphrey  writes:  **  After  thoroughly  mixing  the  neat 
cement  or  the  mortar  by  hand  and  trowel,  the  mixture  is  placed  in  the 
mould  and  firmly  pressed  in  with  the  fingers,  without  ramming,  and 
the  mould  smoothed  off  on  sides  with  trowel. " 

Question  49. — Have  you  used  the  macJiine  you  suggest^  and  have  the 
results  been  satisfactory? 

Of  those  recommending  a  machine,  4  have  used  those  which  they 
recommend,  while  three  have  not.  Of  those  recommending  hancl 
mixing,  two  have  tried  a  machine  with  poor  results  and  know  of  no 
satisfactory  machine;  while  10  have  not  tried  a  machine,  and  8  do  not 
answer  Question  49.  The  replies  of  Professors  Richardson  and  Wad- 
dell  to  Question  48  are  interesting  in  this  connection. 

There  is  no  doubt  that  the  consistency  of  the  paste  and  the  method 
of  filling  the  moulds  are  important  factors  in  the  problem  of  securing 
uniform  results. 


Digiti 


ized  by  Google 


122  REPORT  OF   COMMITTEE  ON  TESTS    OP    CEMENT.      [Society 

m  Questions  50  and  51 .  —  How  sJiould  the  briquettes  he  treated  during  thejinut 
twenty-four  hours  after  moulding  ?  How  should  they  be  treated  during  the 
remaining  time  until  tested? 

The  majority  of  replies  to  this  question  indicate  that  the  bri- 
quettes should  remain  in  the  moulds  till  set,  then  be  taken  out  and 
placed  upon  some  non-absorbent  surface  and  covered  with  a  damp 
cloth,  or  else  placed  in  a  box  exposed  to  moist  air  and  allowed  to 
remain  for  24  hours,  after  which  they  are  to  be  immersed  in  water. 
Several  keep  the  briquettes  in  the  moulds  until  they  are  ready  to  be 
immersed  in  water,  and  a  few  do  not  immerse  in  water  at  all,  but  pre> 
serve  in  air  until  tested.  One  or  two  call  attention  to  the  fact  that 
the  briquettes  should  be  tested  immediately  after  being  taken  from 
the  water.  Mr.  T.  C.  Hatton  states  that  he  has  found  considerable 
difference  in  the  tests  resulting  from  leaving  the  briquette  in  the  air 
some  time  after  being  taken  from  the  water  as  compared  with  t^sts 
made  immediately  after  the  briquette  is  removed  from  the  water. 

Question  52. — If  placed  in  water,  how  often  should  the  water  be  renewed^ 
and  is  it  important  mat  it  shotUd  be  maintained  at  a  fiearly  canstattt  femp- 
ei'ature  ?     What  should  the  temperature  be  ? 

There  is  considerable  difference  of  opinion  with  reference  to  this 
question.  Fifteen  replies  state  that  a  constant  temperature  is  import- 
ant, while  6  state  that  it  is  unimportant— one  of  these  considering 
that  it  is  important  only  during  the  first  week.  With  reference  to  the 
temperature,  all  those  who  specify  practically  unite  in  stating  65  to 
70°  as  the  proper  temperature. 

With  reference  to  renewal  of  water,  10  state  that  it  is  unimportant, 
while  15  consider  that  it  is  important  to  renew  it.  A  few  think  it 
should  be  renewed  daily,  if  possible;  5  that  the  briquette  should  be 
immersed  in  running  water;  one  thinks  it  should  be  renewed  every 
three  days;  one  every  week  at  least,  and  one  when  it  becomes  greasy 
or  slippery. 

Professor  J.  A.  L.  Waddell  writes  that  he  renews  the  water  two  or 
three  times  in  the  first  two  or  three  weeks,  especially  if  it  begins  to  look 
cloudy,  and  after  that  he  simplv  replenishes  the  water  when  it  evap- 
orates, unless  it  should  have  a  dirty  appearance.  One  of  the  German 
manufacturers  states  that  it  is  not  necessary,  either  to  renew  the  water 
or  to  keep  its  temperature  constant,  but  in  the  case  of  short>time 
tests,  it  is  essential  to  maintain  a  uniform  temperature. 

Questions  53  and  54. — At  what  age  should  briquettes  be  broken  for  tto- 
ceptance  test-s  on  ordinary  work  ?  Under  what  conditions  woidd  you  deem 
it  essential  to  m,ake  longer  time  tests  T 

It  is  difficult  to  give  a  summary  of  the  replies  to  this  question,  but 
the  general  opinion  seems  to  be  that  the  test  should  be  made  at  1  dav 
and  7  days.  A  good  many  specify  1  day  for  natural  and  7  days  for 
Portland,  while  others,  who  do  not  specify,  probably  mean  this.  A 
good  many  name  longer  times,  but  it  is  not  to  be  presumed  that  long- 
time tests  would  be  required  for  the  acceptance  m  the  field  of  well- 
known  brands.  In  answer  to  Question  54,  a  good  many  specify  that 
longer  time  tests  should  be  required  where  the  shorter- time  tests  are 
not  satisfactory  or  are  suspiciously  high,  or  in  case  of  new  or  unknown 
brands  of  cement. 

Question  55.  —  Will  weighing  briquettes  before  testing  give  information 
of  value,  and,  if  so,  what? 

To  this  question,  10  members  replv  **no'*;  5,  **yes,"  and  3  are 
uncertain.  We  quote  several  of  the  replies.  Professor  Clifford  Rich- 
ardson writes:  **  Weighing  briquettes,  not  before  testing,  but  immedi- 
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ately  after  they  attain  their  hard  set,  is,  I  believe,  one  of  the  best 
guides  in  securing  uniformity  and  satisfactory  results  in  making  test 
pieces  for  neat  cement  and  of  sand  mortar.  It  is  also  the  most  excel- 
lent check  for  novices  to  use  in  acquiring  the  requisite  skill.  For  ex- 
ample: with  a  German  Portland  cement,  Germania  Brand,  it  was  found 
that  a  briquette  made  in  one  of  Biehl^  Bros. '  moulds  of  the  pattern 
recommended  by  the  Am.  Soc.  C.  E. ,  when  made  of  neat  mortar,  weighed 
from  140  to  141  grams,  and  had  a  density,  calculated  from  the  volume 
of  the  briquette,  which  is,  as  near  as  can  be  ascertained,  from  66  to 
66.5  cu.  cm.,  2.136  to  2.121,  while  cubes  made  in  the  same  way  for 
crushing  tests  had  a  density,  2.229  to  2. 121.  Briquettes  made  of  mortar 
with  3  parts  of  standard  quartz  to  1  of  cement,  weighed  from  130  to 
126  grams,  and  had  a  density  of  1.970  to  1.889,  while  the  crushing  bri- 
quettes had  a  density  of  2.022  to  1.945.  In  the  case  of  sand  mortar  the 
difference  in  the  weight  of  the  tensile  strength  of  the  briquettes 
reached  as  much  as  5  grams,  which  is  too  great.  The  lightest  bri- 
quettes in  this  case  would  be  thrown  out,  and  a  difference  of  not  more 
than  3  grams  at  the  outside  allowed.  As  samples  of  the  density  and 
weight  of  briquettes  of  the  pattern  recommended  by  the  Am.  Soc.  C. 
E.,  the  following  figures,  determined  with  various  cements,  will  serve. 

Density  of  Bkiqubttes. 


Tknsilb.          I         Crushimo. 

Neat. 

Sand. 

Neat. 

Sand. 

Rueendale , 

2.06 
1.96 
1.86 

2.02            2.07 
1.96            1.96 

1    01      f           fi  Ifi 

2.07 

Utica 

2.25 

Double  Star 

2  28 

Mf^nkftt^ 

1.96            i-94    '        1-flR 

2.05 

Ofm»ania r 

2.14 
2.15 
2.18 
2.90 

1.97           e.2S 

2.02 

Vulcanite  8B^,  10^  water 

1.97 
2.21 
2.28 

Iron  Clad ..      . 

i.96 
1.89 

2  18 

Brooks  and  Shoobridge  Wi  and  10,V  water 

2.12 

A  briquette  should  weigh: 


Portland      20,V  and  lO-JjJ  water 
Portland      19V    "     9.V      '' 
Rosendale   28V    ".  14V      " 
Utica  82V    **    14V      '* 

Double  Star  88V    "    15V      '' 
Mankato      80V    "    14V      '' 


142 

180 

290 

144 

182 

299 

186 

188 

272 

129 

180 

257 

128 

140 

254 

129 

129 

256 

280 


272 

296 
299 
269 


^*  I  fully  believe  that  a  rebommendation,  at  least,  should  be  intro- 
duced in  any  rules  for  uniform  testing  of  cement,  that  all  briquettes 
should  be  weighed  and  the  densities  given  with  the  results  of  the 
physical  tests." 

In  connection  with  this  reply  from  such  a  well-known  authority,  it 
is  interesting  to  note,  as  showing  the  difference  of  opinion  between 
those  best  qualified  to  judge,  that  Fi'ofessor  S.  B.  Newberry,  an  emi- 
nent chemist  and  a  man  experienced  in  the  manufacture  of  cement,  re- 
plies **no"  to  this  question.  Mr.  R.  L.  Humphrey  writes:  **The 
weight  of  a  briquette,  or,  better,  its  specific  gravity,  as  a  means  of  de- 
termining its  density,  is  a  valuable  aid  in  forming  an  opinion  as  to  the 
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merits  of  the  briquettes  in  comparative  tests,  or  where  they  are  made 
by  different  persons.** 

Question  56.  —  What  form  of  clip  do  you  prefei*  ? 

The  replies  to  this  question  generally  indicate  a  preference  for  the 
Fairbanks  or  Biehl^  form  of  clip  with  rubber  bearings.  Three  replies 
are  that  no  form  is  satisfactory,  and  five  simply  state  that  they  prefer 
the  Am.  Hoc.  C.  E.  standard.  Mr.  J.  L.  Allison,  whose  reply  is  in- 
cluded in  the  numbers  given  above,  writes  as  follows:  **  The  cHp  with 
rubber  tips  furnished  with  the  Biehl^  machine.  I  have  not  used  any 
other  form  of  cushioned  clip.  With  a  small  Fairbanks  machine  (1 000 
lbs. )  strong  briquettes  were  generally  broken  at  the  points  of  contact 
of  one  of  the  clips  instead  of  at  the  smallest  section.  In  order  to 
compare  the  machines,  an  extensive  series  of  parallel  tests  was  made— 
one-half  of  each  set  of  briquettes  being  broken  on  each  machine.  The 
general  average  of  the  results  gave  the  following  ratio : 

**  Strength  as   determined  by  Biehle  machine  (cushioned 

clips) 1.00 

Strength    as    determined    by    Fairbanks    machine   (un- 

cushioned  clips)         0. 77 

'•With  the  former  machine  the  breaks  occurred  at  or  near  the 
smallest  section;  it  is  probable  that  the  readings  of  the  machine  gave 
a  close  approximation  of  the  actual  tensile  strength  of  the  briquettes. 
With  the  latter  machine,  however,  the  briquettes  were  not  pulled 
apart,  but  were  broken  by  some  kind  of  crushing,  or  splitting,  action 
at  the  points  of  the  clips,  where  the  pull* of  the  machine  represents 
only  the  vertical  components  of  the  total  pressures  concentrated  on 
lines  or  points  of  contact.** 

We  quote  a  few  other  replies.  E.  B.  Noyes,  M.  Am.  Soc.  C.  E., 
writes:  **  The  clip  should  conform  to  the  briquette  for,  say,  \  in.  This 
would  necessitate  a  device  to  prevent  twisting  the  briquette  bv  a  side 
strain.  My  experience  with  the  Am.  Soc.  C.  E.  clip  shows  that,  the 
stronger  a  briquette  is,  the  more  likely  it  is  to  break  centrally.  With 
weaker  cements,  the  break  is  more  likely  to  be  at  the  point  of  the  clip, 
showing  some  wedge  action.'* 

Mr.  D.  Molitor  writes:  *'I  believe  that  the  principal  difficulty  ex- 
perienced with  clips  is  not  so  much  the  shape  of  the  sample  and  of  the 
clips,  but  the  manner  in  which  the  clips  are  held  by  the  jaws  of  the 
machine.  By  giving  this  connection  a  universal  motion  so  that  there 
will  be  absolutely  no  bending  moment  on  the  sample,  it  is  fair  to  expect 
more  uniform  results.  ** 

Question  57.^  What  should  he  the  distance  between  opposite  gripping 
points  of  the  same  clip  ? 

The  replies  to  this  question  vary  all  the  way  from  f  in.  to  IJ  ins. 
There  are  only  13  definite  replies. 

Question  58. —  What  should  he  the  rate  of  applying  the  stress? 

The  majority  of  the  replies  indicate  a  preference  for  a  rate  of  about 
400  lbs.  per  minute.  Some  say  that  the  stress  should  be  applied 
•'  slowly,**  while  several  state  that  the  rate  is  not  important  as  long  as 
it  is  uniform.  One  or  two  call  attention  to  the  fact  that  with  strong 
cements  one-half  or  three-quarters  of  the  load  may  be  applied  rapidly, 
but  that  after  that,  the  rate  must  be  uniform  and  slow. 

Question  59. —  What  style  of  testing  machine  do  you  prefer  ? 

Sixteen  replies  indicate  a  preference  for  the  Fairbanks  machine, 
while  three  prefer  the  Biehle,  one  the  Olson,  two  (including  one  German 
manufacturer)  the  Miehaelis  machine,  and  three  either  Fairbanks  or 
Biehle.     D.  M.  Andrews,  M.  Am.  Soc.  C.  E.,  sends  a  blue  print  of  a 
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proposed  machine,  while  one  or  two  emphasize  the  fact  that  the 
stress  should  be  applied  by  power  rather  than  bj  hand,  to  insure 
regularity. 

Queation  60. — Can  you  suggest  any  desirable  modifications  to  machines 
now  in  use  ? 

Most  of  the  definite  replies  to  this  question  indicate  that  the 
trouble  in  present  machines,  if  any,  is  in  respect  to  the  clip  bearing. 
Professor  S.  B.  Newberry  says  that  the  machine  should  be  larger,  to 
give  more  accurate  results  with  high  strength.  Several  members 
suggest  the  use  of  a  small  electric  motor  to  run  out  the  weight  and 
apply  the  stress  uniformly.  Several  other  suggestions  are  made  which 
it  is  not  necessary  to  quote. 

Question  61, — What  special  precautions  are  necessary  in  breaking 
briquettes  ? 

The  majority  of  replies  to  this  question  indicate  that  the  principal 
precaution  is  in  adjusting  the  clips.  Quite  a  number,  however,  call 
attention  to  the  necessity  of  avoiding  any  sudden  application  of  stress. 
Several  others  also  call  attention  to  the  necessity,  already  alluded  to, 
of  breaking  the  briquettes  immediately  after  taking  from  the  water. 

Question  62, — Do  you  advise  compressive  tests^  and,  if  so,  why? 

The  majority  advise  compressive  tests,  although  several  do  not 
consider  them  generally  practicable,  except  in  a  well-equipped 
laboratory.  Professor  J.  B.  Johnson  states  that  there  is  "no  neces- 
sity for  tensile  or  cross-breaking  tests. "  Professor  Clifford  Richard- 
son writes :  **  I  am  very  much  in  favor  of  tests  of  compressive  strength 
of  any  cement  and  mortar  where  the  facilities  are  available  for 
carrying  them  out.  The  results  of  these  tests  correspond  more  closely 
to  the  conditions  existing  in  practice,  and  reveal  certain  characteristics 
which  are  not  shown  by  tensile  strength. " 

Mr.  B.  L.  Humphrey  writes:  **  Suitable  machines  for  making  com- 
pression tests  are  expensive,  require  considerable  space,  and  are  not, 
therefore,  adapted  for  temporary  testing  laboratories.  They  are 
desirable,  however,  and  should  be  made  in  all  permanent  laboratories. 
As  already  stated,  neat  cement  becomes  very  brittle  at  the  end  of  six 
months  or  longer  periods  of  time,  and  when  tested  in  tension  snap  off 
before  the  full  strength  is  reached,  giving  rise  to  the  impression  that 
the  cement  is  losing  strength.  Whereas  the  same  cement  tested  in 
compression  would  show  no  decrease,  unless  the  cement  be  of  very  ' 
poor  quality;  but,  on  the  contrary,  would  show  an  increase  of 
strength." 

Most  of  those  advising  compressive  tests  call  attention  to  the  fact 
that  the  cement  is  really  used  in  that  way,  and  that  there  is  no 
necessary  relation  between  tensile  and  compressive  strength. 

Question  63, —  What  form  and  dimensions  of  test  piece  do  you  prefer  ? 

The  replies  to  this  question  recommend  a  cubB  varying  from  1  in. 
to  12  ins.  The  replies,  however,  are  few  and  give  little  means  of 
judging  of  the  opinion  of  the  Society. 

Question  64, — Should  the  test  piece  be  treated  differently  as  regards 
manipulation  of  mortar,  mixing  or  selling,  from  tensile  specimens  ?  If  so, 
please  state  in  what  particulars,  and  why  ? 

The  replies  to  this  question  are  practically  unanimous  that  there 
should  be  no  difference  in  the  manipulation.  Two,  however,  consider 
that  it  would  be  necessary  to  use  the  Hammer  apparatus  in  forming 
the  cubes.  We  quote  two  replies.  Professor  Clifford  Bichardson 
writes:  "Test  pieces  for  the  determination  of  compressive  strength 
are  much  more  difficult  to  make  than  those  for  tensile  strength.     The 
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mortars,  however,  should  be  prepared  in  the  same  way.     It  wotdd 
seem  that  some  sort  of  machine  moulding  is  more  necessary  for  the 

Preparation  of  compression  test  pieces  than  those  for  tensile  strengths 
'he  danger  in  hand  moulding  lies  in  the  possibility  of  the  material 
lying  in  the  test  pieces  in  unequal  layers  which  are,  at  the  same  time, 
unequally  bound  together.  *' 

Captain  F.  Y.  Abbot  writes:  ''The  cubes  should  be  made  of  con- 
Crete  taken  directly  from  the  batches  on  the  work.  They  should  bo 
rammed  and  otherwise  treated  as  nearly  as  possible  like  the  concrete 
in  the-  actual  work.  This  gives  the  best  available  indication  of  the 
material  actually  constituting  the  structure.  Such  cubes  should  be 
kept  in  damp  sand  28  days  and  then  be  broken." 

Question  65. — How  should  the  specimen  be  prepared  for  the  testing 
Tnachine? 

In  answer  to  this  question,  the  suggestion  is  generally  made  that 
the  sides  of  the  compression  piece  to  which  the  force  is  to  be  applied 
should  be  either  carefully  trued  or  trowelled,  or  that  lead  plates,  or 
thick  paper,  or  plaster  of  Paris,  or  cardboard,  or  a  layer  of  very  fine 
sand,  should  be  placed  upon  these  surfaces.  One  member  replies  that 
the  test  piece  snould  be  pressed  into  the  moulds,  but  not  rammed. 
One -member  suggests  that  the  ends  to  which  the  pressure  is  to  be 
applied  should  be  allowed  to  set  in  contact  with  glass  plates  so  as  to 
insure  perfectly  even  surfaces. 

Question  66. — What  farm  (^testing  Tnachine  do  you  recommend? 

fa  reply  to  this  question,  mention  is  made  of  the  Fairbanks,  Biehl^ 
and  Amsler  Laffon  machines. 

Question  67. — WluU  shouUl  he  the  rate  of  applying  tlie  stress  ? 

The  replies  to  this  question  indicate  generally  the  same  rate  of 
application  as  for  tensile  stress,  but  several  replies  indicate  a  more 
rapid  application,  such  as  1  000  lbs.  per  minute. 

Question  68,— Do  you  advise  bending  tests?  If  so,  under  what  C09i^ 
ditions  and  why  ? 

In  reply  to  this  question,  there  are  6  replies  of  '*no,"  and  7  of 
••yes."  Two  replies  are  only  for  concrete,  and  two  only  for  research 
laboratory. 

Mr.  J.  P.  Snow,  whose  reply  is  typical  of  several  others,  writes: 
••I  think  that  the  nature  of  cement  can  be  ascertained  as  well  by 
transverse  as  by  tensile  tests,  and  that  an  outfit  for  making  the  former 
can  be  got  up  much  cheaper  than  for  the  latter.  Tests  could  be  made 
more  rapidly,  and  there  would  be  no  uncertainty  as  to  the  directness  of 
the  application  of  the  load.  I  see  no  need  for  making  both  transverse 
and  tensile  tests." 

Question  69. — What  form  and  dimejisions  of  test  piece  do  you  prefer  T 
What  span  ? 

The  replies  to  this  question  are  quite  diverse,  and  it  is  not  neces- 
sary to  summarize  them. 

Question  70. — Should  the  test  piece  be  treated  differenUy  as  regards 
manipulation  of  mortar,  mixing  and  setting,  from  tensile  specimens  ?  If 
so,  please  state  in  what  particulars,  and  why  ? 

The  general  reply  to  this  question  is  **  no." 

Questions  71  and  72. — What  form  of  testirig  machine  shoidd  be  usedT 
What  should  be  the  rate  of  applying  the  load  ? 

The  replies  to  these  questions  are  so  few  that  it  is  not  desirable  to 
summarize  them. 

Miscellaneous. — Under  what  conditions  do  you  coymder  the  tests  iyidicated 
below  necessary  or  desirable  ?     What  shoidd  be  the  manipulation  for  the  test 
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if  used?    I. — Adhesion.     JL — Abrasiofi,     III. — Resistance  to   freezing, 
IV. — Resistance  to  action  of  sea  tcat^r. 

Under  this  head,  a  number  of  snggestions  are  made  by  various  mem- 
bers, which  we  quote : 

S.  B.  Newberry,  Assoc.  M.  Am.  Soc.  C.  E.,  writes:  **  These  tests 
involve  too  much  extended  experimenting,  in  my  judgment,  to  be  of 
value  in  testing  individual  cements. " 

C.  A.  Miner,  Assoc.  M.  Am.  Soc.  C.  E.,  urges  that  the  Committee 
establish  two  standard  methods  of  testing,  the  laboratory  test  and  the 
field  test.  The  former  should  embody  all  the  refinement  deemed 
necessary  and  only  possible  in  the  well-equipped  testing  laboratory. 
The  latter  should  oe  so  simple  that  it  could  be  performed  at  any  time, 
on  short  notice,  with  simple  and  crude  apparatus,  most  of  which  could 
be  made  by  a  fair  mechanic,  and  the  total  cost  of  which  would  not 
exceed  a  few  dollars. 

Mr.  A.  S.  Cooper  thinks  that  the  principal  cause  of  discrepancy 
is  in  the  amount  of  water  used.  The  standard  adopted  by  the 
Am.  Soc.  C.  E.  is  liable  to  different  interpretations  by  different 
operators  A  ** stiff  paste"  may  mean  many  different  things.  The 
"  consistency  of  moist  snow"  is  also  uncertain.  He  believes  the  Ger- 
man standari^  is  nearest  correct,  that  water  must  just  appear  on  the 
surface  after  100  blows  with  the  Bohme  hammer,  but  this,  too,  is  not 
satisfactory,  and  ^ves  no  true  standard  for  comparing  different 
cements.  He  considers  the  German  machine  clumsy  and  slow.  He 
thinks  some  machine  for  moulding  briquettes  under  a  high  and  uni 
form  pressure,  say  3  000  lbs.  per  square  inch,  would  give  good  results. 

Professor  A.  v.  Sims  is  satisfied  that  he  has  a  method  which  will 
give  uniform  results. 

E.  S.  Gk>uid,  M.  Am.  Soc.  C.  £. ,  believes  in  making  up  a  batch  of 
mortar,  enough  for  10  to  20  briquettes,  moulding  half  into  briquettes 
and  immerse  in  the  usual  way,  letting  the  remainder  stand  till  it 
has  taken  a  decided  set,  then  breaking  up  and  moulding.  He  believes 
a  good  Portland  cement  stands  the  test  weU,  the  broken-up  mortar 
giving  strength  sometimes  equalling  the  first  briquette.  He  allows 
the  use  of  Portland  cement  mortar  wnich  has  stood  the  whole  day  on 
the  mortar  board,  thoroughly  re-tempering  it  and  working  it  over. 

Mr.  T.  C.  Hatton  writes:  **  III. — When  the  cement  work  is  intended 
to  be  exposed  to  the  action  of  the  water  and  atmosphere  intermittently 
throughout  great  changes  of  temperature,  it  is  wise  to  make  compara- 
tive tests  of  the  several  cements  offered.  A  short  time  back,  I  had  to 
build  two  concrete  walls  exposed  to  tidal  influence  and  ice.  The  bri- 
quettes were  mixed  as  usual  and  were  placed  in  water  with  60^  tempera- 
ture, which  was  gradually  reduced  to  32^,  and  so  maintained  for  the 
allotted  time,  23  hours,  61}  days  and  27}  days.  They  were  then  taken 
out  and  immediately  immersed  in  boilingwater,  where  they  remained 
for  1  hour,  12  hours  and  12  hours,  respectively,  at  the  end  of  which  time 
they  were  taken  out,  wiped  dry,  and  immediately  tested,  and  the 
cements  which  did  not  lose  over  b%  of  their  standard  tensile  strength 
were  accepted. 

**  rV. — Should  be  left  to  the  judgment  of  the  engineer.  Not  neces- 
sary to  specify  when  establishing  a  standard. 

**  L — The  following  is  a  simple  adhesion  test  I  daily  use  upon  my 
rounds  in  the  field,  for  no  particular  reason  except  to  see  that  the  mortar 
has  been  properly  measured  and  mixed,  and  it  will  detect  any  weakness 
in  this  respect  very  quickly.  Take  two  bricks,  after  being  wet,  rub 
them  together  in  the  fresh  mortar  until  their  inner  surfaces  are  entirely 
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covered  with  the  mortar,  and  then  place  them  in  the  air,  one  on  top 
of  the  other,  where  they  will  be  nndisturbed,  and  after  three  minntes 
raise  the  maBS  by  taking  hold  of  the  top  brick;  if  the  mortar  holds  the 
lower  brick  to  the  top  one,  the  mortar  may  be  considered  properly 
mixed." 

Professor  J.  A.  L.  Waddell  writes:  **  There  are  two  other  tests 
which  I  make  occasionally,  concerning  which  you  have  asked  no  ques- 
tions, so  I  will  give  you  a  description  of  how  I  make  them.  They  are 
the  rise-in-temperature  test  and  the  re- tempering  test.  To  make  the 
first,  I  mix  5  oz.  of  cement  with  1  oz.  of  water,  then  insert  the  bulb  of 
a  thermometer  in  the  mixture  and  note  the  rise  in  temperature.  This, 
I  find,  runs  from  zero  to  as  high  as  13^,  the  time  ranging  from  4  to  6 
minutes.  The  greater  the  rise  in  temperature,  the  greater  is  the  prob- 
ability of  there  being  too  much  free  lime  or  magnesia  in  the  cement. 
Nevertheless,  I  have  known  the  temperature  to  rise  considerably  in 
cements  that  gave  no  other  indications  of  weakness  whatsoever,  and 
which  were  eminently  satisfactory  in  respect  to  strength,  etc. ;  conse- 
quently I  do  not  relj  very  much  upon  the  rise-in-temperature  test. 

'*  The  re-tempermg  test  I  make  as  follows:  Four  sets  of  briquettes 
are  employed.  In  the  first  set,  the  mortar  is  mixed  and  put  into 
the  moulds  at  once  in  the  ordinary  way;  in  the  second,  it  is  mixed  con- 
tinuously for  30  minutes  and  then  put  into  the  moulds;  in  the  third,  it 
is  mixed  continuously  for  1  hour  and  then  moulded;  and  in  the  fourth, 
the  mixing  is  continued  for  90  minutes.  Often,  however,  I  omit  the 
90-minute  test  because  of  the  time  and  trouble  involved  thereby.  Water 
is  added  during  the  mixing  as  is  required  to  keep  the  mass  plastic. 
The  briquettes  thus  made  are  tested  at  7  days,  1  month,  and  2  months, 
and  a  comparison  of  the  strength  for  sets  1,  2,  3  and  4,  will  indicate 
the  extent  of  the  injurious  efiect  of  the  re-tempering.  It  might  be  ad- 
visable to  prepare  enough  briquettes  to  carry  these  re-tempering  tests 
to  a  longer  period  of  time." 

Mr.  E.  B.  Noyes  writes:  '*III.  In  several  years'  experience  on  the 
New  York  State  Canals,  work  was  continually  laid  in  freezing  weather, 
sometimes  even  at  0^  Fahr.  Salt  was  used  freely.  I  do  not  remember 
to  have  seen  mortar  injured  more  than  1  in.  from  the  face  of  the  work. 
It  was  usually  required  to  rake  out  and  point  after  the  end  of  freezing 
weather  in  spring. " 

Mr.  M.  Toltz  writes:  **III.  As  we  are  often  compelled  to  build 
masonry  in  winter  time  at  a  temperature  of  from  zero  to  30^  below  zero, 
the  experience  we  have  had  is  about  as  follows :  The  moriar  is  mixed 
hot;  that  is  to  say,  the  water  is  heated  and  sand  is  heated.  The  mortar 
freezes  in  the  work,  but  thaws  out  again  in  the  spring  and  sets  to  our 
satisfaction.  We  never  had,  as  yet,  any  trouble  in  regard  to  freezing. 
We  have  never  used  anv  salt  to  put  in  the  water  to  prevent  its  freezing." 

M.  L.  Holman,  M.  Am.  Soc.  C.  £.,  suggests  that  the  Committee 
divide  the  subject  into  two  parts,  viz. : 

a.  The  testing  of  cements  of  known  reliability. 

b.  The  testing  of  new  cements. 

He  adds:  **  Allow  me  to  further  suggest  that  the  Committee  take 
the  requisite  time  to  gather  up  all  available  information,  and,  if 
necessarv,  make  some  experiments. " 

Mr.  6.  S.  Gowen  writes:  "IV.  The  testing  of  cement  should  be 
confined  to  simple  processes  with  simple  apparatus,  in  order  that  it  may 
be  done  by  the  engineer  at  his  field  of  work  upoti  the  delivery  of  the 
cement  m  question.  In  this  way  only  can  the  engineer  satisfy  himself  in 
regard  to  the  actual  thoroughness  and  reliability  of  the  testing  work 
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done.  It  seems  to  me  that  to  go  much  beyond  the  various  procesBes 
outlined  in  the  answers  stated  above  is  for  the  engineer  to  encroach 
upon  the  field  of  the  analytical  chemist  or  the  laboratory  of  the  cement 
manufacturer,  in  neither  of  which  places  is  he  in  a  position  or  in  cir- 
cumstances to  properly  compete,  or  even  to  follow  processes.  With, 
however,  simple  methods  in  use  at  his  own  office  he  can  take  the  time 
to  follow  them,  and  to  assure  himself  that  the  testing  is  properly 
done.  He  can  protect  himself  against  poor  cement  always,  even  if  he 
does  at  times  reject  some  that  is  good  which  may  have  offered  some 
doubtful  phases  to  him. " 

Mr.  E.  L.  Humphrey  writes:  **I  have  not  adopted  mechanical 
methods  for  mixing  and  moulding  because  (1),  they  are  too  slow  for 
rapid  work,  and  therefore  unsuitable  for  use,  except  in  purely  experi- 
mental laboratories,  and  (2)  the  results  are  no  more  reliable  than  those 
obtained  by  hand  mixing.  The  writer  has  observed  that  the  greatest 
objection  to  the  American  Society  rules  of  1885  is  the  difficulty  in  in- 
terpreting just  what  constitutes  a  *  stiff  plastic  paste.'  The  wide 
variations  in  the  results  of  different  experimenters  is  due  largely  to  this 
cause. 

*'  As  the  most  important  tests  of  the  quality  of  a  cement  are  affected 
by  the  consistency  of  the  paste,  it  seems  to  the  writer  that  an  accurate 
and  reliable  method  for  determining  the  normal  consistency  is  the  first 
essential  consideration.  In  the  formiilation  of  specifications  there 
should  be  a  distinction  made  between  laboratory  and  field  testing,  or 
testing  on  the  site  of  the  work  in  which  the  cement  is  to  be  used.  It 
appears  possible  to  adopt  such  a  system  as  will  be  applicable  to  both 
classes  of  testing. 

'*  Adhesion  and  abrasion  tests,  and  the  tests  of  the  resistance  to 
freezing,  and  the  action  of  sea  wa^er,  are  only  desirable  under  special 
conditions  in  which  the  information  they  mav  furnish  has  an  imporiant 
bearing  on  the  use  of  the  cement.  As  tests  for  the  reception  of  mate- 
rial they  are  not  of  s.pecial  value. 

'*  Permanent  laboratories  should  make  tests  of  this  character,  and 
contribute  their  results  to  the  available  data  on  these  subjects. 

*<  In  conclusion,  the  writer  begs  to  suggest  that  the  Committee 
select  from  the  answers  to  their  circular  letter  those  methods  which 
give  promise  of  the  best  results.  Having  made  this  selection,  he 
recommends  that  the  Committee  conduct  a  series  of  experiments,  using 
the  proposed  methods  and  endeavor,  if  possible,  to  determine  which 
method  vields  the  most  satisfactory  results.  The  Committee  would 
then  be  better  able  to  adopt  definite  conclusions. " 

Mr.  W.  H.  Broadhurst  writes:  **  I  would  especially  draw  the  atten- 
tion of  the  Committee  to  the  necessity  of  a  uniform  treatment  of  the 
briquette  after  moulding,  i.  e. ,  whether  the  briquette  should  be  exposed 
to  the  air  of  the  laboratory  until  *  hard  set  *  or  whether  the  briquette 
should  be  covered  with  a  damp  cloth  as  soon  as  moulded.  I  think  that 
difference  in  manipulation  at  this  point  is  one  cause  for  non-uniformity 
in  results  with  different  operators.  I  would  also  draw  the  attention 
of  the  Committee  to  the  fact  that  in  many  laboratories  where  a  moist 
chamber  is  not  at  the  disposal  of  the  operator,  the  briquettes  are 
covered  with  a  damp  cloth  and  subsequentlv  with  an  oil  cloth  to 
prevent  evaporation  of  the  moisture  in  the  cloth.  This  has  a  ten- 
dency to  increase  the  temperature,  and  hence  leads  to  non-uniformity 
of  results." 

Mr.  E.  S.  Gould  considers  the  principal  object  to  be  to  obtain 
uniformity  in  a  cement  of  established  reputation.    He  would  confine 
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himself  to  a  cement  of  established  reputation  and  by  making  freqnent 
tests  with  his  own  hands  would  make  sure  that  he  was  not  receiving 
deteriorated  material.  Before  adopting  any  new  cement,  he  would 
test  it  against  a  cement  of  established  reputation,  making  all  tests 
himself,  and  in  the  same  manner.  He  would  also  use  the  new  cement 
tentatively  in  the  work,  in  places  where  he  could  see  its  behavior,  and 
then  after  a  few  years,  he  would  be  willing  to  express  an  opinion  of  its 
merits. 

He  would  also  test  the  sand  to  be  used  competitively  with  sand  that 
he  knew  to  be  good,  using  the  same  cement.  He  would  require  no 
specified  strength. 

He  does  not  believe  in  American  natural  Portland  cements,  having 
found  (when  he  used  them  eight  or  ten  years  ago)  little  uniformity  in 
them,  and  believing  that  too  many  different  qualities  are  made.  He 
had  found  by  accident  that  some  of  these  cements  when  allowed  to 
stand  in  the  air  without  being  covered  with  a  damp  cloth,  went  to 
pieces,  some  at  the  end  of  only  a  few  months,  while  immersed  bri- 
quettes of  the  same  cement  behaved  satisfactorily.  He  thinks  that 
any  hydraulic  cement  that  does  not  almost  immediately  go  to  pieces 
under  water  will  always  improve  by  prolonged  immersion,  and  the 
question  is  how  it  will  behave  when  not  immersed,  and  kept  entirely 
away  from  moisture. 

He  has  always  found  foreign  Portland  cements  to  keep  on  increas- 
ing in  strength  when  not  immersed,  though  not  as  fast  as  when 
immersed. 

He  believes  that  it  will  be  impossible  to  fix  an  exact  standard  by 
which  the  results  of  different  operators  can  be  compared,  and  thinks 
it  makes  little  difference  how  the  tests  are  made  provided  each  tester 
alwavs  works  in  exactly  the  same  way. 

He  feels  sure  it  is  only  the  sand  test  that  is  worth  anything;  for 
one  reason,  because  in  a  neat  test,  the  coarsely  ground  cement  always 
shows  better  than  the  same  cement  finely  ground.  He  thinks  that  in 
a  competitive  test  of  cement,  the  highest  possible  dose  of  sand  should 
be  used.  He  does  not  believe  that  the  requirement  that  no  cement 
shall  be  used  till  tested  is  ever  carried  out. 
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LIST  OP  ARTICLES. 
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The  Possibilities  of  Wireless  Telegraphy.*    (4a)  Dec.,  1800. 

The  Action  of  Electric  Tramway  Currents  on  Submarine  Telegraph  Cables  and  Other 

Electric  Circuits.*    Prof.  Andrew  Jamieson.    (a6)  Serial  b^inning  Feb.  88,  ending 
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Dynamo  Testing  and  the  Care  of  Dynamos.    Norman  C.  Woodfln.    (47)  Serial  begin- 
ning Feb.  84,  ending  March  17. 
Some  Mechanical  Details  of  Dynamo  Design.*    E.  Kilbum  Scott.    (a6)  Serial  beginning 

March  8,  ending  March  16. 
The  Controller  On  Electric  Motors.*    (48)  March  3. 
The  Designing  of  Electrical  Generating  Stations.    (a6)  March  0. 
The  Countv  of  London  Electric  Lightmg  Company's  Electricity  Works.*    (a6)  Serial 

beginning  March  0,  ending  March  16. 
On  Electric  Lighting  Cable  Breakdowns.*    Oisbert  Kapp.    (a6)  Serial  beginning  March 

0,  ending  March  88. 
The  Electric  Process  of  Annealing  Armor  Plate.*    (aa)  March  16. 
The  PoUak-Virag  System  of  'Dslegraphy.*    Chas.  H.  Garland.     (a6)  Serial  beginning 

March  16,  enaing  Marsh  83. 
Wallingford,  Conn.,  Municipal    Electric   Lighting  Plant.*    Thonkas  C.  Perkins,    (aj) 

March  17. 
Fundamental  Ideas  of  Alternating  Currents.*    Prof.  Dugald  C.  Jackson.    (a7)  Serial 

beginning  March  17.  ending  March  84. 
New  Electric  Locomotives.*    (48)  March  84. 

The  Regulation  of  Storage  Battery  Voltage.    Roderick  Macrae,    (a?)  March  94. 
The  TarifTville  Plant  of  the  Hartford  Electric  Light  Company.*    (14)  March  84. 
Greenock  Corporation  Electricity  Works.*    (a6T  March  80. 
The  County  of  London:  Electric  Lighting  Company.*    (a7)  March  81. 
Electric  Power  Distribution:  Works  of  the  Westinghouse  Air  Brake  Company.*    (as) 

April. 
Incandescent  Lamps.*    Francis  W.  Wilcox.    (3)  April. 

Electrical  Ignition  for  Gas  and  Gasolene  Engines.    P.  P.  Mungesser.    (a7)  April  7. 
Installation  Hydro-Electrique  des  Chutes  du  Niagara:  Nouveaux  Duveloppements.*    G. 

H.    (33)  March  8. 

Marine. 

Ships  on  the  Wolga.*    R.  Wels.    March  8. 

The  Saloon  Steamer  Kaiaerin  Augusta  Victoria.*    (48)  March  84. 

Krupp  Central-Pivot  Gravity  and  Spring-Return  Carriages  for  Naval  Ordnance.*    (io> 

March  81. 
Engineeringin  the  United  States  Navy:  Its  Personnel  and  Materiel.*    Rear- Admiral 

George  w.  Melville.    (10)  April. 

Mechanical. 

The  Manuf act  ure  of  Calcium  Carbide  as  Related  to  the  Iron  Industry.*  Liebetanz.  (50) 
Serial  beginning  March  1,  ending  March  16. 

Improvements  in  the  Longworth  Power  Hammer.*    Ernest  Samuelson.    (aa)  March  8. 

Liquid  Air.*    F.  Salter.    (53)  Serial  b€«[innlng  March  8,  ending  March  0. 

A  Coke-Oven  Plant  for  the  Siipply  of  Illuniinating  Gas.*  F.  Schniewind.  (aa)  Serial 
beginning  Blarch  8.  ending  March  16. 

On  the  Mechanical  Theory  of  Steamship  Propulsion.*    Robert  ManseL    (la)  March  0. 

New  Forms  for  Gear  Teeth.*    G.  Lindener.    (48)  March  10. 

Test  of  a  Special ' '  Porter  "  Gtovemor  *    (47 )  March  10. 

Large  Gas  Engines.*    E.  Meyer.    (48)  Serial  beginning  March  10,  ending  March  17. 

Repairing  a  Broken  Fly  Wheel.*    James  M'Bnde.    (ao)  March  15. 

An  Experimental  Investigation  of  the  Thermodynamical  Properties  of  Superheated 
Steam.    John  H.  Grindley.    (la)  March  16.     (47)  March  84. 

Condensation  of  Steam  in  Blower  Systems  of  Heating.*  Prof.  R.  C.  Carpenter.  (47) 
March  17. 

The  Distribution  of  Energy  on  its  Way  Through  the  Steam  Engine.*  (47)  Serial  begin- 
ning March  17,  ending  March  84. 

Friction  of  Steam  Packings.*    Charles  Henry  Benjamin,    (ao)  March  88. 

Pneumatic  Mail  Despatch.*    (6a)  March  88. 

Methods  of  Testing  Blowing  Fans.    Prof.  R.  C.  Carpenter.    (47)  March  84. 

Some  Notes  on  Oifand  Tar  Burning.*    Benjamin  J.  Allen.    (»a)  March  86. 

The  Present  Status  of  Fuel  Gas.    John  R.  Lynn.    (a4)  March  26. 

*IUustrated. 
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Mechanical— (Continued ). 

New  Works  of  the  William  Krause  &  Sons  Cement  Company.*    Horace  De  R.  Haight. 

(14)  MarcbSl. 
Limits  to  the  Use  of  Forced  Draft  for  Marine  Boilers.    Walter  M.  McFarland.    (9) 

April. 
Progress  In  Aerial  Transportation.*    William  Hewitt.    (10)  AprU. 
The  Geometrical  Generation  of  Irregular  Surfaces  m  Machine  Construction.*    Henry 

Roland.    (9)  April. 
Gas  Engine  Progress.    C.  V.  Kerr.    (41)  April  1. 
La  Navlfiration  Aerienne.*    Rodolphe  Soreau.    (33)  Serial  beginning  Feb.  21,  ending 

MarcE  10. 
Transporteur  Automobile  sur  vole  Aerienne.*    (38)  March. 
Chargement  et  D6chargement  M^caniques  des  Comu  &  Gaz.*    (33)  March  10. 

Mining. 

The  Transvaal  Mining  Industry  for  the  Second  Half  of  1899.*    (16)  Serial  beginning 

March  10,  ending  March  81. 
The  Avino  Mine  and  Mill,  Mexico.*    (16)  March  17. 

The  New  Pecit  Montana  Concentrator.*    Geo.  W.  Winter.    (16)  March  31. 
Flushing  of  Culm  in  Anthracite  Coal  Mines."    Wm.  Griffith.    (3)  April. 
Beach  Sands  of  the  Pacific  Coast.*    W\  J.  Adams.    (41)  Aprill. 
A  New  Method  of  Shaft  Sinking.*    G.  C.  McFarlane.    (16)  April  7. 

MunlciiNil. 

The  Action  of  Water  on  Asphalts.  George  C.  Wliipple  and  Daniel  D.  Jackson.  (13) 
March  28. 

Cement  Macadam.    (51)  March  24. 

Road  Constmetion  in  New  Jersey.    (14)  March  24.  . 

New  Standard  Method  of  Testing  Paving  Brick:  National  Brick  Manufacturers'  Associa- 
tion.   (13)  Bfarch29. 

Smoothness  of  Pavements.*    Daniel  B.  Luten.    (14)  March  81. 

Failures  in  Asphalt  Pavements  and  Their  Causes.    A.  W.  Dow.    (13)  April  5. 

Railroad. 

Locomotive  Design.*    F.  J.  Cole.    (25)  Serial  beginning  June,  1890,  ending  April,  1900. 

Suggestions  for  Revision  of  the  M.  C.  B.  Rules  for  Loading  Long  Material.  F.  H.  Stark. 
{61)  Feb. 

Ton-Mile  Statistics.    C.  H.  Quereau.    (61)  Feb. 

Corrosion  of  Locomotive  Boiler  Tubes.*    (50)  March  1. 

High  Speed  Three-Fhase  Railway  from  Toledo  to  Norwalk.*    (17)  March  8. 

How  to  Determine  the  True  Net  Earning  Power  of  Street  Railway  Properties.  Edward 
E.  Higgins.    (17)  March  8. 

Main  Power  Station  and  Transmission  System  of  the  Metropolitan  Street  Railway  Com- 
pany of  New  York.*    (17)  March  8. 

Prices  of  Street  Railwav  Irack  Construction.    John  P.  Brooks.    (17)  March  8. 

Superstructure  on  the  Vienna  Stadt-bahn.*    H.  Koestler.    (53)  March  9. 

Ralls:  Committee  Report  to  the  Annual  Convention,  American  Railway  Engineering  and 
Maintenance  of  Way  Association.    (40)  March  9. 

The  Erection  of  the  Boston  Elevated  Railway.*    Charles  Evan  Fowler.    (13)  March  15. 

Ballasting:  Committee  Report  to  the  Annual  Convention,  American  Railway  Engineering 
and  Maintenance  of  Way  Association.    (40)  March  10. 

Graduation:  Committee  Report  to  the  Annual  Convention,  American  RaUway  Engin- 
eering and  Maintenance  of  Way  Association.    (40)  March  10. 

Railroad  Signaling  and  Interlocking  Plants:  Committee  Report  to  the  Annual  Conven- 
tion, American  Railway  Engineering  and  Maintenance  of  Way  Association.*  (40) 
March  16. 

Railway  Building  in  Prospect:  Detailed  List  of  New  Railroads  Projected  and  Under 
Construction.    (40)  March  16. 

Railway  Ties:  Committee  Report  to  the  Annual  Convention,  American  RaUway  Engi- 
neering and  Maintenance  of  Way  Association.    (40)  March  16. 

Railway  Tracks:  Conmiittee  Report  to  the  Annual  Convention,  American  Railway  Engi- 
neering and  Maintenance  of  way  Association.    (40)  March  16. 

Railway  Water  Supply:  Committee  Report  to  the  Annual  Convention,  American 
Railway  Engineering  and  Maintenance  of  Way  Association.    (40)  March  16. 

Railwav  Yards  and  Terminals:  Committee  report  to  the  Annual  Convention,  American 
Railway  Engineering  and  MiUntenance  of  Way  Association.    (40)  March  16. 

Right  of  way  Maps.*    (40)  March  16. 

The  Elevated  Structure  of  the  Boston  Elevated  Railway.*    ( 14)  March  17. 

The  Mllford,  Attleboro  and  Woonsocket  Street  Railway.*  Wllli<im  D.  Ennis.  (27) 
March  17. 

The  Kingsbridge  Power  Station  of  the  Third  Avenue  Ry.,  New  York  City.*  Burcham 
Harding.    (i«)  March  22. 

Lubrication  of  Car  Journals.*    S.  J.  D.    (15)  March  28. 

Some  Reasons  For  Hot  Journals  and  a  New  Journal  Bearing  for  Railroad  Cars.*  J. 
Grossman.    (53)  March  28. 

The  Rapid  Transit  Railroad  of  New  York.*    (40)  March  28. 

*  lUustrated. 
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RailnMd-(Coiitlnued). 

Cast-Steel  DriTing  Wheels  for  Locomotives.*    (47)  March  84. 

Ten- Wheel  Passenger  Locomotive;  Northwest  Rr.  (England).*    (13)  March  29. 

Some  Questions  In  Locomotive  Deisign.*    Wm.  G.  Raymond.    (15)  march  80. 

The  Cape-to-Oairo  Railway.*    John  Hartley  Kntght.    {9)  April. 

The  Jungfrau  Three-Phase  Electric  Railway.*    Ernest  Kilbum  Scott.    (9)  ApriL 

Prairie  iS'pe  and  Wide  Firebox  Switch  Engines,  C.  B.  &  Q.  Railroad.*    (25^  April. 

Oshkosh  and  Neenah  iDterurban  Electric  Ry.*    (13)  April  5. 

Visibility  and  Confusion  Tests  of  Signal  Glasses.    (15)  April  ft. 

Some  Differences  between  American  and  British  City  Transportation  Methods.    Edward 

E.  Higgins.    (17)  April?. 
The  Electric  Tramway  System  of  Perth.*    (17)  April?. 
Notes  on  Locomotive  Details,  L.  &  N.  Ry.*    ( 18)  April  ?. 
Exteutlon  des  Tunnels  de  la  ligne  d*alacheir  A  Fium  Karahlssar  (Asie  Mineare).*    (3S) 

March. 
Le  Caiemin  de  Fer  Suspendu  de  Barmen-Elberfeld-Vohwlnkel  (Allemagne).*     Alfred 

Boudon.    (33)  MarcnlO. 

Sanitary. 

Engdlsh  Experiments  on  the  Bacterial  Treatment  of  Sewage,  with  an  Acooant  of  the 
vTork  Done  at  Manchester,  England,  During  the  Fast  Tear.*  Prof.  Leonard  P.  KiD- 
nicut.    (1)  Feb. 

-  -  --•  •  —  "  (14)  Marchl?. 


Garbase  Reduction  Works  at  Pittsburg  and  Allegheny,  Pa.    (13)  March  29. 

Distribution  of  Steam  at  Dartmouth  College.*    (14)  March  81. 

The  international  System  of  Bacterial  Sewage  Treatment.    (14)  April  7. 

The  Sewerage  Problem  of  the  City  of  Worcester,  Massachusetts.  *    (19)  April  7. 

Stmctural. 

Nickel  Steel:  Its  Value  as  ^  Alloy.    David  H.  Browne.    (6a)  Serial  beginning  Jan.  11, 

ending  Feb.  15. 
Fialnts  and  Varnishes.    Professor  A.  H.  Sabin.    (1)  Feb. 
The  Testing  of  Struts  or  Pillars.     W.  C.  Popplewell.     (47)  Serial  beginning  March  17, 

ending  March  24. 
Armored  Concrete,    (u)  March  80. 
A  Great  Arch,  Cathedral  of  St.  John  the  Divine.*    (14)  March  81. 

Topographical. 

A  Method  of  Making  a  Farm  Survey.    G.  B.  Zahnlser.    (13)  March  29. 
Water  5upply. 

The  Assouan  Dam  on  the  Nile.  *    (11)  March  9. 

Test  of  a  Multiple-Effect  Distilling  Plant.    (14)  March  17. 

Filtration  Plant  for  the  Albany  water  Supply.  *    (46 )  March  24. 

The  Mount  Royal  Pumping  Station,  Baltimore.  *    (14)  March  24. 

Water  DistUling  Plant  at  the  Dry  Tortugas.*     (13)  March  29. 

New  Water- Works.  Latrobe,  Pa.*     (14)  March  81. 

Caicul  des  Reservoirs  en  Tole.  *    Maurice  Koechlin.    (33)  March  8. 

Waterways. 

Santa  Ana  Canal.  *   J.  B.  Lipplncott.    (19)  Serial  beginning  March  10,  ending  March  17. 

Difficult  Repairs  to  the  Alderney  Breakwater.  *    (14)  Marcn  17. 

Proposed  Plan  for  Regulating  Works  for   Controlling    the  Level    of   Lake   Krie.* 

To  Raise  the  Level  of  Lake  Erie,    (jo)  March  22. 

A  Comparison  of  the  Isthmian  Canal  Projects.    George  A.  Burt,    (p)  April. 
The  Dutton  PDeumatic  Balance  Locks  for  Canals.*    Chauncey  N.  Dutton.     (3)  ApriL 
Usine  Hydraulique  de  Bourg-et-Comin  pour  T  Alimentation  du  Canal  de  POiae  a  l^isne. 
L.  Lefort.    (34)  Serial  beginning  Oct.,  1899,  ending  March,  1900. 


•  Illustrated. 
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NEW   BOOKS  OF  THE   MONTH. 

Ualess  otherwise  spedfled,  books  in  this  list  have  been  donated  to  the  Library 
by  the  Publisher. 


THE  C0N5TRUCT0R. 

A  Hand-Book  of  Machine  Design.  By  F.  Beuleanx.  Authorized 
Translation,  complete  and  unabridged,  from  the  Fourth  Enlarged 
German  Edition,  by  Henry  Harrison  Suplee,  M.  Am.  Soc.  M.  E. 
Cloth,  12  X  9  ins.,  312  pp.,  illus.  New  York,  H.  H.  Suplee,  1899. 
87.60. 

The  headings  of  chapters  are:  Strength  of  Materials;  The  Elements  of  Oraphostat- 
tcs;  The  Construction  of  Machine  Elements;  *"'  '  "  '  "  '  ^'^^  '' 
Screws;   Journals:   Bearings;  Supports  for 

Simple  Levers;  Cranks;  Combined  Levers;  ( ^ ,  

Wheels:  Toothed  Gearing;  Ratchet  Gearing;  Tension  Organs  Considered  as  Machine 
Elements;  Belting;  Rope  Transmission;  Chain  Transmission;  Strap  Brakes:  Pressure 
Organs  Considered  as  Machine  Elements;  Conductors  for  Pressure  Organs;  Reservoirs 
for  Pressure  Organs;  Ratchets  for  Pressure  Organs  or  Valves. 

INDICATOR  DIAGRAMS. 

A  Treatise  on  the  Use  of  the  Indicator  and  Its  Application  to  the 
Steam  Engine.  By  W.  W.  F.  Pullen.  Cloth,  9x6  ins.,  238  pp.,  illus. 
The  Scientific  Publishing  Co.,  Manchester,  1899.     6  shillings  net. 

In  this  volume,  the  author  has  endeavored  to  give  the  result  of  a  certain  amount  of 
experience  to  assist  in  interpreting  the  record  made  by  the  Indicator  pencil,  as  well  as 
to  Indicate  in  what  direction  to  look  for  those  irregularities  commonly  found  under 
ordinary  conditions  of  use.  The  Contents  are:  Measurement  of  Power  with  the  Indi- 
cator; Indicator  Rigs  and  Reducing  Gears;  Other  Indicators;  Calibrating  Indicator 


Springs;  Other  Errors  in  the  Indicator  Diagram;  Preliminary  Analysis  of  the  Diagram; 
Diagrams  Showing  Variation  of  Locui;  The  Admission  and  Steam  Lines  of  the  Indicator 
Diagram:  The  Exhaust  and  Compression  Lines;  Valve  Chest  and  Steam  Pipe  Diagrams; 


Adjustment  of  the  Slide- Valve;  fiimp  Diagrams;  Miscellaneous  Diagrams;  Averaging 
•^^  —  *       y^;  Slide  Rule  and  Calculators;  Tables. 


agrams  Showing  Variation  of  Locui;  The  Admission  and  Steam  Lines  of, the  Indicator 

agram:  The  Exhaust  and  Com  presi'  " "*  '"' 

ijustment  of  the  Slide- Valve;  rum 
Diagrams  and  Mechanical  Efficiency; 

MODERN  LOCOMOTIVES. 

Illustrations,  Specifications  and  Details  of  Typical  American  and 
European  Steam  and  Electric  Locomotives.  One-half  Morocco, 
15  X  11  ins.,  405  pp.,  illus.  The  Railroad  Gazette,  New  York,  1897. 
37.00. 

Most  of  the  drawings  in  this  volume  have  been  furnished  by  the  railroad  companies 
or  makers.  The  attempt  has  been  made  to  limit  the  locomotives  shown  to  those  which 
are  in  present  use.  and  to  include  fairly  representative  types  of  all  steam  and  electric 
locomotives  built  in  the  United  States.  To  these  are  added  illustrations  and  descrip- 
tions of  a  number  of  toreign-built  types.  The  selection  of  all  the  drawings,  and  the 
general  arrangement  of  the  volume,  was  made  by  the  late  D.  L.  Barnes,  M.  Am.  Soc.  C. 
1.    After  his  death  the  work  was  completed  by  Mr.  J.  C.  Whitridge. 

THE  FILTRATION  OP  PUBLIC  WATER-SUPPLIES. 

By  Allen  Hazen,  Assoc.  M.  Am.  Soc.  C.  E.  Third  Edition,  Bevised 
and  Enlarged.  Cloth,  9x6  ins.,  321  pp.,  illus.  New  York,  John 
Wiley  &  Sons,  1900.     $3.00. 

In  the  present  volume  the  author  has  endeavored  to  explain  briefly  the  nature  of  fil- 
tration and  the  conditions  which,  m  half  a  century  of  European  experience,  have  been 
found  essential  for  successful  practice,  and  of  preventing  the  unfortunate  and  disap- 
pointing results  which  so  easily  proceed  from  the  construction  of  inferior  filters.  In 
the  five  years  since  the  first  edition  of  this  book  was  published,  progress  in  the  art  of 
water  purification  has  been  rapid  and  substantial.  A  complete  revision  was  required  to 
treat  these  newly  investigated  subjects  as  fully  as  seemed  necessary  to  the  author. 
There  is  an  index  of  five  pages. 
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BQYPTIAN  IRRIQATION. 

By  W.  Willcocks,  M.  Inst.  C.  E. ;  with  an  Introduction  by  Major 
Hanbury  Brown.  Second  Edition.  Cloth,  10 x  7  ins.,  485  pp.,  plates. 
London,  E.  &  F.  N.  Spon,  Ltd.,  1899.  «12.00.  (Obtained  by 
Purchase. ) 

This  is  a  description  of  the  irrigation  works  which  have  been  built  in  Ejpypt  in  the 
t  twenty  years.    The  Contents  are:  Egypt;   The  Nile;  Basin  Irrigation  in  Upper 
Egypt;    Perennial  Irrigation  in  Upper  Egypt;  Perennial  Irrigation  in  Lower  E^ypt; 


last  twenty  years.    The  Contents  are:  Egypt;   The  Nile;  Basin  Irrigation  in  Upper 

""i>7Pt;    Perennial  Irrigation  in  Upper  Egypt;  Perennial  Irrigation  in  Lower  E^ypt; 

pypt  by  Provinces;  Drainage  and  Land  Reclamation;   The  Barrages;   The  Nile  in 


Flood;  Engineering  Details;   Duty  of   Water  and  Agricultural;  Administrative  and 
Legal;  Reservoirs. 

ENQINEBRINQ  WORKS  OP  THE  KISTNA  DELTA. 

A  Description  and  Historical  Account.  Compiled  for  the  Madras 
Government  by  George  T.  Walch,  M.  Inst.  C.  E.  Cloth,  10  x  6  ins., 
2  vols.,  37  plates.  Madras:  Printed  and  Published  by  the  Superinten- 
dent, Government  Press,  1899.  (Donated  by  F.  J.  E.  Spring,  M.  Am. 
Soc.  C.  E.) 

This  is  a  history  of  the  engineering  works  by  which  the  Delta  of  the  Eistna  has  been 
converted  from  a  poverty-stricken,  sparsely  cultivated  tract,  subjected  to  recurring 
droughts,  into  a  prosperous  country,  covered  with  cereal  crops,  rendered  virtually  in- 
dependent of  the  precarious  local  rainfall  by  a  network  of  canals  and  channels  from  the 
great  river.    The  works  include  an  anicut  and  head  works  and  numerous  canals. 

NOTES  ON  THE  NICARAGUA  CANAL. 

By  Henry  I.  Sheldon.  Second  Edition.  Cloth,  8x5  ins.,  illus., 
maps.  Chicago,  A.  C.  McClurg  and  Company,  1899.  (Donated  by 
the  Author. ) 

This  volume  is  the  result  of  a  visit  to  Nicaragua  made  by  the  author  in  1895.  The 
Contents  are  as  follows:  The  Journey  to  Nicaragua;  The  Route  of  the  Canal;  Conces- 
sions and  Legislation;  The  Present  Plans;  Sanitary  Questions;  The  Country  and  the 
People;  Other  Great  Canals;  Cost;  Nicaraguan  Cities;  Shall  the  United  States  Assist? 
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MEMBERSHIP. 

ADDITIONS. 


Date  of 
Membership. 
BxLL,  Alonzo  Glasence, 

City  Engineer,  Room  19,  City  Hall,  New  Orleans,  La Mar.    7,  1900 

COBBEA,  EdWABD  AsNOLD, 

Asst.  Eng.,   Mexioan  Central  By.,  Parral,  Chihnahaa, 

Mexico Mar.    7,  1900 

Gbaham,  Joseph  MABSfiALL, 

Chf.  Eng.,  B.&O.B.B.,  Baltimore,  Md April  4,  1900 

Habbottn,  Philip  Eiibvbt, 

Chf.  Eng.,  Albnqnerqne,  Land  and  Irrigation  Co.,  Albu- 

qnerqne,  N.  Mex Mar.    7,1900 

Hbalt,  John  Fbancis,  (        Jnn.     Jan.     2,  1890 

Chf.  Eng.,  Dovis  Coal  and  Coke  Co.,  Thomas,  j  Assoc.  M.    June    3,  1891 

W.  Va '  M.    Nov.    1,  1899 

HuTCHiKs,  Jkbx  Chambbbuon,  j  Assoc.  M.    Mar.    2,  1898 

Pres.,  Detroit  Electric  By.,  Detroit,  Miob 1  M.    April   4,  1900 

Kelleb,  Chables, 

Capt.,  Corps  of  Engrs.,  U.  S.  A.,  1515  Locust  St,  St. 

Lonis,  Mo Mar.    7,  1900 

BooEBs,  Walteb  Albxandeb,  e         Jun.    Sept.  10,  1891 

Eng.  of  Permanent  Const,  Bridge  and  Build-  |  Assoa  M.    Nov.    3,  1899 
ing  Dept.,  C.  M.  &  St.  P.  By.,  Chicago,  111.  C  M.    April  4,  1900 

Shebman,  Hbbbebt  Ellwood, 

City  Engineer's  Office,  Providence,  B.  I Mar.    7,  1900 


Bbtson,  Thomas  Bines, 

404  Harrison  Bldg.,  Philadelphia,  Pa Feb.    7,  1900 

Dbabe,  Bobebt  Mobbis, 

Asst.  Eng.,  M.  of  W.  Dept..  Southern  Pacific  Co.,  418 

PostSt.,  San  Francisco,  Cal Mar.    7,  1900 

Edwabds,  Wabbick  Bigelet, 

Inspector  of  Bridge  Materials,  B.  ft  O.  B.  B.,  Mt.  Boyal 

Station,  Baltimore,  Md April   4,  1900 

Evans,  Peteb  Platteb,  (  Jun.    Feb.    6,  1894 

Boom  445,  Tremont  Bldg.,  Boston,  Mass (  Assoc.  M.    Mar.    7,  1900 

Fbench,  Abthitb  Willabd, 

Prof,  of  Civ.  Eng.,  Worcester  Polytechnic  Institute,  Wor- 
cester, Mass April    4,  1900 

Oabdineb,  Fbedebioe  WnjJAX, 

Asst  Eng.,  Manhattan  By.  Co.,  493  Manhattan  Ave.,  New 
YorkCity Dec.    6,  1899 
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Hill,  Theodoiiz  WiLLLiM,  Date  of 

AsBt.  Eng.,   Kanawha  &  Michigan  By.  Co.,  Charleston,        ^^         ^' 

W.  Va Mar.    7,1900 

HOBTON,  ThEODOBB, 

AsBt.  Eng.,  Met.  Sewerage  Comm.,  1  Mt  Ver- (  Jan.  Aug.  31,  1897 

non  St.,  Boston,  Mass i  Assoc.  M.  April    4,  1900 

Lahbkbt,  Wallace  Cobliss, 

Prin.  Asst.  Eng.,   Boston  Elevated  By.,    53  State  St., 

Boston,  Mass  April   4,  1900 

Phillips,  Fbedbouck  Climtom,  j  Jan.  Jane   4,  1895 

584  Garden  St.,  LilUe  FaUs,  N.  Y (  Assoc.  M.  April  4,  1900 

SncPBON,  Geoboe, 

Asst.  Eng.,  Jackson  Architectural  Iron  Works,  315  East 

28th  St.,  New  York  City April  4,  1900 

SnDHAM,  Habbison, 

Walker  &  Stidham,  156  Fifth  Ave.,  New  York  City April  4,  1900 

Stuabt,  Jambs  Ltall, 

Careof  James  Stewarts  Co.,  1405  Park  Bldg.,(  Jan.  Oct.     4,  1898 

Pittsburg.  Pa 1  Assoc.  M.  Feb.    7,1900 

Woods,  Bobkbt  Pattbbson,  J     Jan.  Feb.     2,  1897 

City  Engineer,  Wabash,  Ind (  Assoc.  Mar.    7,  1900 


Tbibst,  Wolfqang  Gustav,  i    Jun.    Sept.   3,  1890 

Contr.  Eng.,  39  Cortlandt  St ,  New  York  City 1  Assoc.    Mar.    6,  1900 


JX7NI0BS. 

Liebkann,  Alfbbd, 

32  Broadway.  New  York  City April    3,  1900 

MoLbod,  Hvoh, 

Care  of  Clarke  Fork  Coal  Mining  Co.,  Gebo,  Mont Oct.     8,  1899 

BooKWELL,  James  Vikcent, 

Asst.  Eng.,  Chicago  &  North  Western  By.  Co.,  Ames, 

Iowa April   3,  1900 

Steffens,  William  Fbedebiok, 

Care  of  Bridge  Engr.,  N.  Y.,  N.  H.  &  H.  B.  B.,  New 

Haven,  Conn April   3,  1900 

Wbitted,  Levi  Bomttlus, 

Navy  Yard,  Norfolk,  Va Mar.    6,  1900 


CHANGES  OP  ADDRESS. 


Atgbigo,  William  Andebson, 310  North  22d  St.,  Omaha,  Neb. 

Bbbo,  Walteb  G Chf.  Eng.,  Lehigh  Valley  B.  B.,  Bes.  261 

West  52d  St.,  New  York  City. 
Bbunnbb,  John 417  Denniston  Ave.,  Pittsburg,  Pa. 
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Cha8e,  Fbank  Ltivton AsBt.  Eng.,  Bridge  Dept.,  K.  Y.  G.  ft  H. 

B.  B.  B.,  Grand  Central  Station,  New 

York  City. 

BxTO,  Soi^MON  Lb  Fbvbb 10  East  119th  St.,  New  York  City. 

Dunn,  Danibl  Bxtbsb Eng.,  Edges.  ftBldgs.,  Tenn.  Central  By., 

Ozone,  Tenn. 

GooDBioH,  WiLBUB  Fbangib 10  Gibbens  St.,  Somerville,  Mass. 

Gbunsxt,  Cabl  EwaiiD City  Engineer,  City  Hall,  San  FrancisoOi 

Cal. 
HiNCKLBT,  John  Fbanblin Chf.  Eng.,  St.  Louis,  Oklahoma  &  Sonth« 

em  By.  Co.,  Sapulpa,  Ind.  T. 

HoBBT,  AsTHUB  Stanuet 920  St.  Bernard  St.,  Philadelphia,  Pa. 

Jackson,  Jonbs  Mumtobd E.  D.  Smith  Co.,  Sanlt  Ste.  Marie,  Mich. 

Johnson,  Fbangis  Bobbbt Johnson  A  Wright,  Board  of  Executors 

Chambers,  Wale  St.,  Cape  Town,  South 

Africa. 
Ktmbatj.,  GbobqbHbnbt Chf.  Eng.,  Pere   Marquette  B.  B.  Co., 

Grand  Bapids,  Mich. 
KiNBUY,  Thoicas  Pbabson 20  Broad    St.,   Boom    1601,  New   York 

aty. 

Lea,  Sahubl  Hill Geneseo,  HI. 

Mbbbtican,  William  Ovbtis 48  Hilly er  St.,  Orange,  N.  J. 

MiTNSTSB,  Andbbw  Wbndblbo Care  of  Engineer's  Office,  Chicago  Great 

Western  By.,  St.  Paul,  Minn. 

Pasghxb,  Thbodobb 335  Central  Park  West,  New  York  City. 

BisBB,  Ehud  Sophub Chf.  Eng.,  The   New  Columbus  Bridge 

Co.,  Columbus,  Ohio. 

Schmidt,  Max  Ebbbhaxdt 176  West  68th  St.,  New  York  City. 

Sttteb,  Chablbs  Bussbll Col.,  Corps  of  Engrs.,  U.  S.  A.,  Boom  917, 

Winthrop  Bldg.,  Boston,  Mass. 

Thaohbb,  Edwin Juana  Diaz,  Porto  Bico. 

TowsB,  AsHLBT  Bemis Towcr  &  Wallace,  309  Broadway,  Boom 

608,  New  York  City. 

Vauohan,  Gbobgb  Washington Box  616.  Westfleld,  N.  Y. 

TON  Lbbb,  Isaac  Watnb 322  West  3l8t  St.,  New  York  City, 

Waonbb,  Sami7bl  Tobias First  Asst.  Eng.  in  Charge,  Improvement 

of  Water   Supply,   710  A.,   City  Hall, 

Philadelphia,  Pa. 
Wbomann,  EDwabd Div.    Eng.,    Aqueduct   Comm.,    Jerome 

Park  Beserroir,  Kingsbridge,  New  York 

City. 


BoEcxLiN,  Wbbneb,  Jb Eng.  and  Bepresentative,  Bobins  Convey. 

ing  Belt  Co.,  Park   Bow  Bldg.,  New 

York  City. 
FosTKB,  Thomas  J Foster  &  Greene,  Architectural  Engrs., 

133  Fifth  Ave.,  New  York  City. 
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Jaoob,  Alfred  Petbb 123  West  96th  St.,  New  York  City. 

EiNssT,  Fbamk  WiiiMABTH 17  State  St.,  New  York  City. 

Layis,  Fbed 320  Hyde  Park  Ave.,  Hyde  Park,  Mass. 

MoGKNSEN,  Olav  Einab General  Delivery,  Harrisburg,  Pa. 

Spenceb,  John  GiiAbk 234  Emerson  St ,  Pittsburg,  Pa. 

Stenokb,  Ebnest 25  Union  Depot,  Denver,  Colo. 

Tatt,  John  Gbobok 31  West  125th  St.,  New  York  City. 

Wai«lagb,  Joseph  Habbibon Tower  ft  Wallace,  309  Broadway,  Boom 

e08,  New  York  City. 
Zabbet.t.,  EiiMEB Bowell,  Wiloox  Co.,  Ala. 

ASSOCIATE. 

Moxhah,  Abthub  Jahes Gen.  Mgr.,  Dominion  Iron  &  Steel  Co., 

Ltd.,  Sydney,  C.  B.,  Canada. 

JUMIOBS. 

Cobnell,  John  Nelson  Hatwabd.  .  .240  West  139th  St.,  New  York  City. 

FioKBS,  Edwin  Stanton Care  of  Pittsburg  Beduction  Co.,  Pitts- 
burg, Pa. 

Habbib,  Henbt  Albxandeb Care  of  S.  Pearson  A  Son,  Ltd.,  Coatza- 

coaloos,  Vera  Cruz,  Mexico. 

Hiohlet,  Lee Bes.  Eng.,  F.  D.  ft  O.  B.  B.  Co.,  Denison, 

Iowa. 

Janybin,  Ned  Hebbebt 664  Gibraltar  Bldg.,  Kansas  City,  Mo. 

Kahn,  Jxtlius Care  of  Frazar  ft  Co.,  Yokohama,  Japan. 

Pentield^  Walteb  Gbant 2d  Lieut.,  1st  Infantiy,  Pinar  Del  Bio, 

Cuba. 

Swindells,  Joseph  Spbinoeb San  Juan,  Porto  Bico. 


DEATH. 


Aldbich,  James  Colwell Elected   Member    May  7th,  1873;    died 

April  3d,  1900. 
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EXPERIMENTS  ON  THE   PROTECTION   OP  STEEL 

AND  ALUMINUM  EXPOSED  TO  WATER. 

Discussion.* 


Bj  Messrs.  Osgab  Lowinson  and  A.  H.  Sabin. 


Mr.  Lowinson.  OscAB  LowiNSON,  AssoG.  M.  Am.  Soo.  O.  E.— The  speaker  has  made 
a  number  of  tests  of  a  new  paint,  and  with  a  view  to  determining^ 
its  resistance  to  moisture,  and  the  effects  of  frost,  a  coat  was  applied 
to  the  outside  surface  of  a  porous  jar  which  was  afterward  filled  with 
a  concentrated  solution  of  sulphate  of  soda  and  the  solution  allowed  to 
evaporate.  After  a  period  of  two  weeks  the  interior  of  the  jar  was 
full  of  crystals,  and  with  the  exception  of  half  an  inch  from  the  top  of 
the  outside,  which  had  been  carried  over  by  capillarity,  the  surface 
was  still  intact  and  showed  no  signs  of  having  in  *  any  way  been 
penetrated.  This  experiment  was  repeated  with  the  same  jar  half  a 
dozen  times  with  the  same  results.  A  corresponding  jar  to  which  no 
paint  was  applied  emptied  in  about  30  hours,  both  the  inside  and  out- 
side being  covered  with  sharp  crystals. 

In  order  to  determine  whether  this  material  could  be  used  as  a  sub- 
stitute for  furring,  a  brick  coated  with  it  on  its  top  surface  was  plastered 
directly  on  the  paint  and  immersed  to  one-half  its  depth  in  a  vessel 
containing  water,  until  all  the  water,  including  that  which  the  brick 
absorbed,  had  been  evaporated.  This  process  took  a  week,  and 
showed  absolutely  no  effect  on  the  plaster.     The  plaster  adhered  so 

*  Continued  from  February,    1900,    Proceedings.    See  October,  1889,  Proceeding*^ 
for  paper  by  A.  H.  Sabin,  Assoc.  M.  Am.  Soc.  C.  £.,  on  this  subject. 
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strongly  to  the  paint  that  it  oonld  not  be  dislodged  without  destruc-  Mr.  Lowinson 
tion. 

A  similar  brick  was  plastered  without  paint,  and  in  a  week  the 
plaster  became  loose  and  detached  from  the  brick. 

"  Furring/'  which  is  used  on  the  inside  of  exposed  walls  of  build- 
ings to  prevent  moisture  from  attacking  the  plaster  and  thereby 
disintegrating  it  or  staining  the  finished  wall  surface,  can  be  dis- 
pensed with  by  the  use  of  this  paint  on  the  wall  surface  and  the 
direct  application  of  the  plaster  upon  it.  The  speaker  also  uses  it 
on  the  back  of  limestone  set  in  masonry  to  prevent  the  discoloration 
of  the  wall,  which  occurs  when  any  other  cement  than  the  expensive 
LeFarge  is  used. 

The  paint  also  appears  to  resist  the  attacks  of  moderate  acids  and 
alkalies,  and  herein  differs  apparently  from  the  paints  mentioned  by 
the  author. 

Two  coats  were  applied  on  a  rusty,  cast-iron,  fire  stand-pipe  in  front 
of  a  building  in  New  York  City  where  it  has  stood  for  a  year  without 
flaking  or  showing  rust  spots,  and  when  last  examined  by  the  speaker 
it  was  still  hard  and  adherent,  and  to  all  appearances  had  stopped 
oxidation. 

The  speaker  has  not  been  converted  to  the  theory  of  the  author  that 
laboratory  tests  are  not  of  much  value.  He  firmly  believes  in  exposure 
tests,  but,  in  order  to  satisfy  himself,  deems  it  his  duty,  when  ex- 
amining a  material  like  paint,  to  make  such  tests  as  he  thinks  would 
give  an  imitation  of  the  action  of  the  elements. 

A.  H.  Sabin,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — None  of  the  Mr.  Sabin. 
tests  in  this  series  was  made  with  the  samples  alternately  wet  and  dry. 
Some  experiments,  however,  were  made  by  the  writer  by  coating  bun- 
dles of  wires,  which  were  then  attached  to  piles  in  the  sea  water  in 
such  a  way  that  one  end  of  each  bundle  was  under  water  constantly, 
while  the  upper  parts  were  exposed  to  the  air  at  low  tide.  The  con- 
clusion reached  from  this  and  other  experiments  was,  that  the  pro- 
tective effect  of  the  coatings  was  not  lessened  by  the  intermittent 
exposure,  but  that  damage  was  done  by  floating  objects  in  the  water 
which  persistently  batter  off  the  coating  at  the  water-line.  If  secured 
against  such  effects  protection  is  possible.  This  is  probably  the 
reason  why  iron  piles  rust  off  near  the  water-line;  they  are  constantly 
battered  by  logs  of  wood  and  other  floating  matter  which  the  waves 
throw  against  them  incessantly.' 

One  of  the  objects  sought  by  placing  the  plates  horizontally  in  salt 
water  w&s  to  get  a  growth  of  marine  organisms  on  one  side  of  the 
plate,  while  the  other  (the  upper)  side  was  kept  free  and  reasonably 
clean.  There  was  no  considerable  deposit  of  silt  on  these  plates.  In 
this  way  the  exact  effect  of  the  organisms  could  be  determined.  The 
plates  put  in  fresh  water  were  laid  in  a  vertical  position  because  it  was 
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Mr.  SabiiL  unavoidable  xmder  the  oircomstanoeB,  but  as  freeh  water  organisms  are 
oomparativelj  rare  and  did  not  attaok  the  plates,  it  was  no  serious  ob- 
jection. The  most  serious  trouble  in  these  experiments  was  the  injury 
to  the  coating  on  the  edges  of  plates  caused  bj  floating  objects  in  the 
water.  This  was  suffioieni,  in  some  cases,  to  obscure  the  real  yalue  of 
the  coatings,  which  were  removed  mechanically  from  the  edges  toward 
the  middle  of  the  plates.  The  writer  is  of  the  opinion  that,  hereafter, 
plates  to  be  tested,  which  should  not  be  in  any  case  less  than  i  in.  in 
thickness,  and  should  not  be  smaller  than  those  used  in  this  test — ^the 
larger  the  better — should  each  be  put  in  a  frame  such  as  used  for  the 
slates  of  school  children,  in  order  to  protect  the  edges  as  well  as 
possible. 

It  is  probably  impossible  to  give  any  definite  answer  to  Mr.  Hill's 
question.  The  exposure  in  steel  frame  buildings  is  extremely  variable. 
Oood  compact  hydraulic  cement  mortar,  unquestionably,  affords  a 
:great  deal  of  protection,  because  it  is  alkaline,  and  alkalies  do  not  rust 
iron;  and  also  because  it  prevents  much  circulation  of  air,  though  it 
does  not  do  so  absolutely.  Ordinary  lime  mortar  is  so  very  porous 
that  its  value  is  much  less;  and  brick  and  tUe  vary  so  much  in  porosity 
that  no  generalizations  about  them  can  be  made.  The  care  with  which 
these  are  applied  is  also  an  important  factor.  It  seems  to  the  writer 
that  the  most  important  object  to  be  sought  in  these  cases  is  to  keep 
the  metal  dry.  It  is  not  possible  to  keep  a  bridge  or  similar  structure 
dry,  but  it  is  possible  with  the  steel  frame  of  a  building;  if  it  is 
dry  it  ought  not  to  rust  very  fast.  Foundations  which  are  so 
placed  as  to  be  always  damp  should  have  their  steel  work  bedded 
in  cement,  which  should  be  of  as  perfect  quality  and  as  great  thick- 
ness as  possible. 

The  writer  does  not  share  in  the  prejudice  which  some  have  against 
painting  metal  which  is  to  be  covered  with  cement;  it  is  not  likely  that 
the  latter  has  any  mysterious  action  on  the  iron,  but  acts  as  any  other 
protective  coating  does;  and  it  is  well  known  that  some  paints  which 
do  not  bear  ordinary  exposure  last  well  under  cement. 

The  writer  has  not  used  Lucol  oil,  and  hence  has  nothing  more 
substantial  than  a  prejudice  against  it.  He  has  preferred  to  keep  to 
the  use  of  materials  of  known  composition,  and  which  he  thinks  have 
yielded  the  best  results  up  to  the  present  time.  It  is  well  known,  as 
has  been  pointed  out  by  Mr.  Tatnall,  that  oil-paint  films  are  somewhat 
porous,  and  are  often  thrown  off  by  corrosion  underneath;  and  it  has 
been  the  writer's  aim  to  produce  films  which  would  not  be  open  to 
that  objection,  but  would  protect  the  metal  until  the  film  itseU  is  com- 
pletely destroyed.  The  object  of  this  paper  is  to  show  how  this  may 
be  accomplished  by  the  use  of  well-known  materials,  combined  by 
well-known  processes. 

The  writer  cannot  at  all  agree  with  the  statement  that  the  use  of 
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Tarnishes  is  a  matter  of  great  unoertaiiity,  bat,  in  fact,  believes  the  Mr.  Sabin. 
opposite,  and  desires  by  these  tests  to  show  what  products  are  most 
suitable  for  use  on  engineering  stmotnres.  Furniture  made  160  years 
ago  by  the  celebrated  Martin,  of  Paris,  is  still  distinguished  by  its 
beautiful  Tarnish;  while  violins,  ranging  from  200  to  300  years  old,  are 
still  coTered  with  the  Tarnish  originally  applied  to  them.  Such 
material  is  worthy  of  systematic  study. 
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THE  FOUNDATIONS  OF  THE  NEW  CROTON  DAM. 

Discussion.* 


By  Messrs.  £.  SHEBiiAN  Oouu),  Geoboe  W.  Bafteb,  L.  J.  Le  Contb 
and  Ghablbs  S.  Oowbn. 


Mr.  Oouid.  E.  Shebman  Gk>uiiD,  M.  Am.  Soo.  C.  E. — Apart  from  its  intrinsic 
interest,  this  paper  possesses  that  of  timeliness,  in  that  its  presentation 
coincides  so  nearly  with  the  retirement  of  Mr.  Fteley  from  the  Chief 
Engineership  of  the  Aqnednct  Commission.  It  describes  the  progress 
of  what  we  need  not  hesitate  to  style  the  most  important  engineering 
work  of  the  day,  from  its  commencement  np  to  the  date  of  its  handing 
over,  fully  and  saccessfuUy  launched,  by  Mr.  Fteley  to  his  successor. 

This  very  apt  connection  between  the  presentation  of  the  paper 
and  Mr.  Fteley's  retirement  will  probably  strike  all  members  of  the 
Society.  To  the  more  limited  circle,  composed  of  members  and  ex- 
members  of  the  Corps  of  Engineers  of  the  Old  Croton  Aqueduct,  the 
death  of  Julius  W.  Adams,  Past-President  Am.  Soc.  C.  E.,  occurring  so 
near  the  date  of  its  presentation,  lends  to  this  paper  an  added 
appropriateness  of  time  and  place. 

The  preliminary  studies  for  the  original  project,  of  which  Mr. 
Benjamin  8.  Church  was  the  author,  namely,  that  of  a  dam  at 
Quaker  Bridge,  and  of  which  the  present  work  will  be  the  final  out- 

•  This  discussion  (of  the  paper  by  Charles  S.  Oowen,  M.  Am.  Soc.  C.  E.,  printed  In 
Proceedings  for  January,  1900)  is  printed  in  Proceedings  in  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication.  Proceedings^  Vol.  zzt,  p.  71.) 

Communications  on  this  subject  received  prior  to  May  26th,  1900,  will  be  printed 
in  a  later  number  of  Proceedings,  and  subsequently  the  wnole  discussion  wiU  be  pub- 
lished in  Transactions. 
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come,  were  commenoed  Bome  twenty  years  ago  nnder  the  direction  of  Mr.  QouM. 
the  late  Isaac  Newton,  M.  Am.  Soc.  C.  E.,  then  Chief  Engineer  of  the 
Croton  Aqueduct,  by  the  late  E.  S.  Chesborongh,  M.  Am.  Soc.  0.  £., 
and  the  late  Colonel  Adams.  These  studies  mark  the  early  dawn  of 
the  era  of  scientific  high-masonry  dam  design  in  this  country.  The 
design  and  construction  of  what  were  preyiously  considered  high 
dams,  of  earth  with  a  center  wall  of  masonry,  had  already  been  brought 
to  a  high  degree  of  perfection  by  Tracy,  Campbell  and  Mr.  George  W. 
Birdsall,  but  a  masonry  dam,  upwards  of  100  ft.  high,  was  essentially 
a  new  proposition.  It  was  new  and  startling  to  many  of  us  at  that 
time  to  learn  that  the  possible  crushing  of  such  a  structure  under  its 
own  weight  alone,  or  under  its  own  weight  combined  with  hydrostatic 
pressure,  was  a  factor  of  the  problem  most  seriously  to  be  reckoned 
with.  It  is  probable  that  this  point,  and,  indeed,  the  whole  question 
of  the  profile  of  equal  resistance  of  such  structures,  was  first  brought 
to  the  notice  of  the  profession  at  large  through  a  translation,  made  by 
the  writer,  by  direction  of  Mr.  Isaac  Nowton,  of  some  chapters  from 
Debauve's  **  Manuel  del'  Injenieur,"  of  which  a  small  edition  was 
printed  by  the  Department  of  Public  Works  for  the  use  of  its  engineer 
corps,  and  copies  of  which  found  their  way  to  a  few  other  hands. 
Mention  may  also  be  made  of  two  papers  oontributed  about  this  time 
by  the  writer  to  Van  Nostrand's  Engineering  Magazine,  Later,  the  sub- 
ject was  fully  developed  by  Edward  Wegmann,  M.  Am.  Soc.  C.  E.,  in 
his  masterly  and  thoroughly  exhaustive  treatise  on  *'  High  Masonry 
Dams.*' 

In  these  studies,  the  type  or  concrete  idea  of  the  high  masonry  dam, 
which  with  true  engineering  instinot  was  seized  upon  and  kept  con- 
stantly  in  view,  as  a  safe  precedent,  by  the  consulting  engineers,  was 
the  dam  across  the  Furens,  at  St.  Etienne,  France. 

But  all  these  particulars  are  now  ancient  history,  and  appeal  only 
to  the  very  limited  number  of  original  pioneers  in  the  study  of  high 
dams.  Their,  only  general  interest  lies  in  the  evidence  which  they  may 
afford  of  the  labor  and  research  which  characterized  the  earliest 
beginnings  of  the  project  now  being  carried  out.  It  is  doubtful  if 
any  engineering  project  in  this  country  has  ever  been  made  the  sub- 
ject of  so  much  laborious  and  painstaking  study  as  that  described. 
This  paper,  taken  in  connection  with  the  reports  of  the  Chief  Engineer, 
already  published,  shows  us  that  these  studies,  taken  up  by  Mr.  Fteley, 
where  they  were  left  off  by  the  original  projectors,  were  continued  by 
him  with  unabated  zeal  and  thoroughness. 

The  description  of  the  system  of  borings  and  other  explorations 
given  by  Mr.  Go  wen  is  noteworthy.  The  juxtaposition  of  gneiss  and 
limestone,  with  outcrops  on  opposite  sides  of  the  valley,  seems  to  be 
characteristic  of  this  and  the  neighboring  territory,  and  merits  study 
by  the  geologist.     The  disappearance  and  in  some  cases  reappearance 
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Mr.  Gould,  of  water  in  the  bore  holes  at  great  depths  is  certainly  pnzzling  to 
aoconnt  for.  Mr.  Gowen  calls  attention  to  the  discrepancy  frequently 
found  to  exist  between  the  character  of  the  rock  as  revealed  by  the 
actual  excavations  and  that  previously  predicted  from  the  borings. 
This  discrepancy  was  also  noticeable  in  driving  the  tunnels  of  the 
New  Groton  Aqueduct,  and  it  admonishes  us  that  while  the  diamond 
drill  is  of  great  utility  in  preliminary  explorations,  its  indications 
should  be  taken  with  considerable  reserve,  and  interpreted  very 
cautiously. 

The  quotation  from  Mr.  Fteley's  Report  (pages  16  and  17),  in 
which  he  recommends  abandoning  the  Old  Quaker  Bridge  location 
and  building  a  much  smaller  dam  higher  up  the  stream,  is  an  excellent 
example  of  sound  engineering  ]udgment,[and  one  is  rather  surprised  at 
the  haste  with  which,  in  the  face  of  this  recommendation,  the  Commis- 
sion adopted  the  Cornell  project.  The  fourth  reason  advanced  by  Mr. 
Fteley  for  his  recommendation  seems,  however,  to  require  some  modi- 
fication.   He  says: 

*'  The  interest  of  the  monev  thus  saved  for  the  present  would,  after 
twenty-five  jears,  represent  a  large  part  of  the  money  necessary  to  then 
build  the  higher  dam,  with  the  result  that  the  cit^  would  then  have 
two  dams  instead  of  one  for  nearly  the  same  expenditure.  '* 

This  result  could  only  be  safely  predicated  if  the  amount  of  interest 
saved  were  year  by  year  paid  into  a  sinking  fund,  and  kept  intact. 
This,  it  is  hardly  necessary  to  remark,  would  be  very  unlikely  to  be 
carried  out. 

In  this  connection,  a  glance  at  the  estimated  amount  of  storage, 
consequent  upon  the  completion  of  the  present  dam,  will  be  interesting. 
On  page  4  this  amount  is  stated  to  be  73  236  000  000  galls.  The  writer 
has  found  that  a  very  serviceable  formula  representing  the  relation 
between  the  total  storage  required  to  maintain  a  desired  daily  average 
consumption  throughout  the  year,  and  the  daily  average  yield  of  the 
source  of  supply,  is: 

iS^=^x365. 

In  this  equation,  S  —  total  storage  required;  C  =  daily  consumption, 
and  Y—  daily  average  yield  of  the  water-shed,  all  in  the  same  unit. 
Let  us  apply  this  formula  to  the  present  case.  The  capacity  of  the 
New  Croton  Aqueduct  is  about  300  000  000  galls,  per  24  hours,  and  this 
may  be  taken  as  the  maximum  daily  consumption  of  New  York,  f urmsh- 
able  by  this  supply.  The  daily  average  yield  of  the  Croton  watershed 
above  the  Cornell  Dam,  will  be  about  366  000  000  galls,  per  24  hours, 
.   We  would  have  then: 

<?      90  000 


iS'  =  90  000  000  000  galls. 
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This  would  be  about  800  days'  supply,   as  against  244  actually  Mr.  Gould, 
provided,  indicating  a  fair  agreement  between  the  two  figures. 

Although  this  paper  is  confined  to  the  foundations  of  the  great 
dam,  it  cannot  be  satisfactorily  discussed  without  some  reference  to  the 
profile  of  the  dam  itself,  which  is  shown  in  Fig.  2. 

The  feature  of  the  profile  which  immediately  challenges  discussion 
is  its  form  below  the  level  of  the  original  surface  of  the  ground.  It 
will  be  perceived  that  the  profile  of  equal,  or  approximately  equal, 
resistance  is  continued  down  to  the  bed  rock,  some  120  ft.  below  the 
bed  of  the  stream.  The  effect  of  this  is  to  spread  greatly  the  footing 
course,  and  to  increase  correspondingly  the  immense  volume  of  material 
to  be  excavated.  Was  this  necessary,  to  insure  the  required  stability 
of  the  structure  ?  The  writer  has  no  hesitation  in  saying  that  both 
from  theoretical  and  practical  considerations  he  does  not  believe  it  to 
have  -been  necessary  or  even  advisable.  He  understands  that  the 
theory  upon  which  this  profile  is  based  is  that  the  dam  is,  or  may  be, 
subjected  to  the  pressure  due  to  a  head  of  water  extending  from  its  top, 
through  the  excavation  and  down  to  the  bottom  rock  on  which  it 
stands.  He  considers  this  theory  as  inadmissible.  Its  acceptance 
appears  to  lead  to  the  untenable  conclusion  that  the  deeper  the  founda- 
tion, the  greater  the  hydrostatic  stress.  We  have  only  to  consider  what 
a  monstrosity  would  ensue  if  the  dam  were  carried  down  to  a  very 
great  depth,  say  800  ft.,  below  the  surface  and  the  profile  calculated 
according  to  this  theory.  He  considers  also,  that  this  endeavor  to  err, 
if  at  all,  on  the  side  of  safety  is,  to  some  extent,  self  destructive,  for  it 
results  in  piling  up  a  huge  mass  of  back-filling  upon  the  outer  toe  of 
the  dam,  adding  this  extra  weight  to  the  already  enormous  pressure 
which  it  is  sustaining.  The  additional  spreading  of  the  foot  cannot  be 
necessary  to  resist  rotation  about  the  outer  toe,  because  such  rotation 
would  be  impossible  at  that  depth,  nor  can  it  be  needed  to  prevent 
crushing.  That  part  of  the  structure  which  is  deeply  buri^  and 
closely  imprisoned  on  all  sides  is  quite  differently  and  much  more 
favorably  circumstanced  to  resist  crushing  than  is  that  part  which 
stands  entirely  above  ground  with  no  opposing  resistance  to  prevent  the 
lateral  escape  of  crushed  material.  In  this  connection,  the  writer 
would  quote  what  he  has  said  elsewhere,  as  follows: 

"Nor  can  he  agree  with  those  who  maintain  that  the  thrust  of  the 
water  from  a  full  reservoir  should  be  considered  as  that  due  to  a  head 
extending  from  the  top  of  the  dam  to  the  bottom  of  the  foundations. 
That  portion  of  the  dam  which  is  buried  in  the  earth  or  rock  should,  in 
his  opinion,  be  considered  entirely  apart  from  the  dam  proper,  and  as 
subject  to  an  entirely  different  class  of  stress.  He  would  consider  this 
portion  of  the  structure  as  forming,  in  fact,  a  part  of  the  geology  of  the 
territory,  and  confine  his  calculations,  as  regards  the  thrust  of  the 
water,  to  the  superstructure  which,  standing  in  relief  above  the  surface 
of  the  surrounding  ground  receives  the  pressure  of  the  water  on  one 
side,  and  that  of  the  atmosphere  only  on  the  other." 
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Mr.  Gould.  Apart  from  this  feature  of  the  profile,  some  remarks  may  be  made 
upon  the  dimensions  given  to  the  npper  portion.  The  calculations 
which  lead  to  the  profile  adopted  were  based  npon  the  well-known 
empirical  formulas  for  resistance  to  crushing,  sometimes  called 
DebauTe*s  formulas,  from  the  fact  that  thej  are  given  by  that  author 
in  his  **  Manuel  del'  Injenieur,"  though  not  original  with  him.  It  is 
usual  to  assume  that  if  the  profile,  so  calculated,  satisfies  the  condi- 
tion of  resistance  to  crushing,  it  will  of  necessity  satisfy  also  that  of 
resistance  to  overturning.  This  method  of  calculation  results,  as  re- 
gards the  latter  condition,  in  a  profile  which  is  very  light  in  the  upper 
portion  and  very  heavy  in  the  lower. 

In  looking  at  the  profile  of  a  very  high  masonry  dam  on  paper  the 
eye  deceives  us,  unless  we  keep  the  scale  in  mind.  We  are  accus- 
tomed to  regard  such  structures — dams  and  other  retaining  walls, 
— in  reference  to  their  apparent  stability  as  against  overturning 
bodily  around  the  outer  edge.  Regarded  in  this  way,  the  profile 
always  seems  to  be,  and  indeed  is,  skimped  at  the  top  and  redundantly 
thick  at  the  bottom.  This  appearance  changes,  however,  when  we 
reflect  upon  the  character  of  the  stress  brought  to  bear  upon  the  base 
and  all  the  lower  portions  of  the  wall.  The  tendency  of  this  stress  is 
to  pulverize  the  bottom  courses,  and  it  can  only  be  resisted  by  an  ex- 
tension of  base  beyond  what  would  be  required  to  secure  a  sufficient 
moment  of  resistance  to  overthrow.  To  use  a  homely  figure,  the  dam 
may  be  compared  to  a  sack  of  meal  in  danger  of  bursting,  rather  than 
to  a  rigid  body  in  danger  of  toppling  over. 

In  designing  very  high  dams,  therefore,  foreseeing  as  we  do  the 
width  of  base  to  which  we  will  be  forced  in  order  to  meet  the  in- 
creasing crushing  stress,  we  instinctively  economize  in  the  upper  por- 
tions, influenced  partly,  no  doubt,  by  the  fact  that  if  failure  is  to  occur 
anywhere,  it  had  better  be  at  the  top  than  the  bottom,  and  also  to 
make  the  unit  stresses  more  uniform  throughout.  But  this  economy 
or  this  desire  to  equalize  crushing  stress  may  be  pushed  too  far.  It 
seems  to  the  writer  that  this  has  been  done  in  the  present  case,  where, 
in  his  judgment,  the  outer  face  of  the  dam  has  been  hollowed  out  too 
much  above  Elevation  100. 

It  is  stated  in  the  paper  that  the  dam  has  a  general  factor  of  safety 
of  2  against  rotation.  It  is  understood  that  in  all  calculations  the 
water  in  the  reservoir  is  supposed  to  stand  level  with  the  top  of  the 
dam,  or  at  Elevation  210.  This  is  certainly  an  extreme  assumption. 
The  spillway  elevation  is  196,  its  length  1  000  ft.,  and  its  required 
capacity  rated  at  15  000  cu.  ft.  per  second.  This  would  correspond 
to  an  elevation  of  about  199,  or  say  200  at  most,  in  the  reservoir.  It 
is  probable,  therefore,  that  the  dam  above  Elevation  100  has  a  factor 
of  safety  of  at  least  2.5,  and  a  rough  calculation  seems  to  show  this  to 
be  the  case.     But  it  must  be  borne  in  mind  that  these  calculations 
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asflume  a  purely  static  presaiire,  due  to  absolutely  quiescent  water.  Mr.  Gould. 
This  dam,  however,  will  act  as  the  retaining  wall,  or  breakwater,  of  an 
immense  and  deep  lake,  with  soundings  of  140  ft.  in  direct  contact  with 
an  almost  vertical  back.  Over  this  lake  violent  storms  will  rage,  ac- 
companied by  wave  action  of  tremendous  dynamic  force.  Is  this 
part  of  the  dam  sufficiently  massive  to  meet  the  shock  of  these  waves 
and  hurl  them  back  upon  themselves?  Hugh  fields  of  floating  ice  may 
be  expected  to  thump  heavily  against  the  wall;  is  it  heavy  enough  to 
resist  their  impact  urged  on  by  wind  and  waves?  To  say  the  least,  we 
must  admit  that  the  practical  factor  of  safety  is  reduced  to  its  absolute 
minimum. 

The  writer  would  be  in  favor  of  placing  an  earthen  embankment, 
well  rip-rapped  at  the  back  of  the  dam,  for  a  portion  of  its  height. 
The  effects  of  such  a  bank  would  be  to  diminish  the  chance  of  per- 
oolation  down  the  back  and  reduce  still  further  the  bugbear  of  an  ex- 
aggerated hydrostatic  pressure;  to  diminish  considerably  the  effect  of 
the  deep  wave  action  against  the  dam,  and  by  maintaining  a  constant 
•counter  pressure  against  the  back,  to  limit  the  range  of  pressure  when 
the  reservoir  is  alternately  full  and  empty.  It  would  be  especially 
advisable  to  cover  the  entire  area  of  the  refilled  excavation  witiiin  the 
reservoir  with  a  heavy  embankment  in  order  to  consolidate  by  its 
pressure  the  material  ubed  in  refilling.  Plate  I  shows  that  the  inner 
elope  of  the  earthen  dam  on  the  south  side  already  covers,  or  is  to 
<20ver,  a  large  portion  of  this  refilling,  so  that  only  an  extension  of  the 
bank  is  necessary  in  order  to  carry  out  the  suggestion. 

From  the  start,  it  was  recognized  that  the  chief  engineering  diffi- 
culties to  be  overcome  in  the  building  of  the  great  dam  were  the 
diversion  of  the  river  and  the  taking  out  the  founclation  pit.  There 
can  be  no  doubt  that  the  plan  pursued  to  divert  the  stream  was  the 
best,  and  its  complete  success,  as  recorded  in  the  paper,  is  the  just 
reward  of  an  intelligent  design  skillfully  carried  out.  There  is  no 
doubt,  too,  that  the  method  adopted  for  taking  out  the  excavation,  by 
means  of  an  open  cut  with  sloping  sides,  was  the  best  under  the  cir- 
cumstances, and  more  certain  of  success  than  any  attempt  to  shore  up 
the  sides  could  have  been.  Had  the  superstructure  been  designed  to 
rest  upon  a  base  with  vertical  or  nearly  vertical  sides,  the  suggestion 
made  originally  might  have  been  revived;  namely,  to  take  out  two 
comparatively  narrow  trenches,  one  at  the  up-stream  and  the  other 
at  the  down-stream  face  of  the  foundation,  sustaining  the  sides  by 
means  of  shoring,  and  building  up  these  two  faces  first.  The  central 
core  of  earth  could  then  be  removed  between  these  two  walls,  and 
the  remaining  masonry  laid.  Even  in  this  case,  however,  the  surer 
plan  of  side  slopes  might  have  been  found  preferable.  Be  that  as 
it  may,  the  work  has  been  accomplished  successfully. as  described,- 
and  at  the  present  time,  when  the  critical  period  has  been  safely 
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Mr.  Qouid.  passed  and  the  fonndations  brought  up  to  surface  level,  there  can  be 
nothing  but  congratulations  to  all  concerned  in  carrying  through  this 
bold  and  brilliant  feat  of  engineering  to  a  triumphant  issue. 

The  successful  prosecution  of  the  work  below  ground  depended 
upon  the  ability  to  keep  the  pits  dry.  Evidently  this  fact  was  real- 
ized fully  by  the  engineers,  and  a  powerful  pumping  plant  installed 
for  the  purpose  It  is  not  always  thus,  and  many  operations  inyolv- 
ing  deep  excavations  are  increased  greatly  in  cost,  difficulty  and 
danger  by  inadequate  and  badly  managed  pumping  facilities. 

The  overflow  arrangement  seems  to  have  been  intelligently  planned, 
and  from  an  examination  of  the  plans  and  descriptions  contained  in 
this  paper  the  writer  thinks  it  would  be  difficult  to  find  a  flaw  in  the 
general  design  of  the  work,  as  regards  the  handling  of  the  water 
before,  during  and  after  construction. 

An  interesting  feature  of  the  work  is  the  earthen  dam  with  core 
wall  on  the  south  or  limestone  side  of  the  stream.  The  writer  has  not 
noticed  any  explicit  statement  in  the  paper  as  to  why  the  change  was 
made  from  masonry  to  earth,  but  it  may  be  inferred  readily  that  the 
limestone  rook  was  not  considered  sufficiently  solid  to  warrant  a 
masonry  dam,  pure  and  simple,  for  the  entire  length.  If  this  was  the 
case,  then  sound  engineering  judgment  was  shown  in  changing  over 
to  earth.  It  may  be  suggested,  however,  that  the  masonry  dam  might 
have  been  continued  across  the  valley,  leaving  its  down-stream  face 
exposed,  while  the  back  was  protected  by  the  earthen  bank.  This  would 
have  involved  more  masonry,  the  cost  of  which  would  be  partially  off- 
set by  saving  the  outer  wing-wall  and  outer  earthen  embankment. 

In  describing  the  masonry  core- wall  introduced  in  the  earthen 
bank,  Mr.  Gowen  speaks  somewhat  apologetically  of  its  massiveness. 
In  the  writer's  opinion  it  errs  in  the  other  direction,  and  should  have 
been  considerably  thicker  than  shown.  Its  top  should,  by  all  means, 
be  carried  to  Elevation  210,  the  same  as  the  crest  of  the  masonry  dam. 
Carrying  the  top  of  the  earthen  embankment  to  220,  as  shown  in  the 
drawings,  is  excellent  judgment. 

In  the  concluding  paragraphs  of  the  section  describing  the  protec- 
tive  work  (page  20),  M!r.  Gowen  also  speaks  somewhat  apologetically  of 
the  great  cost  of  this  work.  No  word  of  apology  js  necessary  to 
justify  this  entirely  wise  expenditure.  Parsimony  here  would  have 
been  the  falsest  economy. 

The  account  of  the  manner  of  carrying  on  the  deep  excavations  and 
of  dealing  with  springs  and  fissures  of  the  rock  is  very  valuable.  It 
appears  to  have  been  successful,  and  in  any  event  is  not  open  to  criti- 
cism. This  work  could  only  be  judged  on  the  ground,  and  while 
actually  going  on.  At  present  it  is  sufficient  to  know  that  what  was 
attempted  was  accomplished  successfully. 

Something  is  said  on  pages  29  and  30  about  a  possible  upward 
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water  pressure  against  the  bottom  of  the  foundations  "of  the  dam.  Mr.  Gtould. 
The  writer  considers  that  all  apprehension  of  danger  from  snch  action 
is  groundless.  When  the  small  proportionate  area  which  in  any 
event  could  be  exposed  to  this  action  is  taken  into  consideration;  when 
of^illaritj  and  friction  are  given  their  due  weight,  and  when  it  is 
remembered  that  at  the  worst  it  would  be  a  hydraulic,  not  a  hydro- 
static, pressure  that  could  take  effect,  as  there  would  always  be  a  line 
of  escape  below  the  dam,  it  will  be  realized  that  this  danger  dwindles 
down  to  a  negligible  value.  The  writer  would  class  fears  of  this 
nature  with  those  which  prompt  a  continuation  of  the  theoretical 
profile  down  to  the  deep-seated  rock. 

All  the  foregoing  remarks  apply  to  what  may  be  called,  distinct- 
ively, the  engineering  features  of  the  work.  The  constructional 
details  are  also  very  interesting. 

Before  commencing  to  lay  the  masonry  in  the  foundation  pit  of  the 
main  dam,  it  is  stated  that  the  rock  bottom  was  painted  with  a  grout 
of  neat  Portland  cement,  which  was  allowed  to  set  before  commencing 
to  build.  The  writer  would  question  the  wisdom  of  interposing  a  film 
of  cement  between  the  rock  and  the  masonry.  He  would  prefer  to  bed 
the  stones  directly  upon  the  sharp,  clean  rock. 

ThiB  arrangement  of  the  derricks  and  the  racking  of  the  work  as 
described  and  shown  on  Plate  X,  Fig.  2,  were  judiciously  planned,  and 
calculated  to  secure  rapid,  systematic  and  substantial  work.  The 
cable- way  does  not  seem  to  figure  in  this  part  of  the  work.  It  is  not 
stated  whether  the  <* Portland"  mentioned  was  American  or  foreign, 
nor  whether  the  ''American  '*  cement  was  of  the  Portland  or  Bosen- 
dale  type.  This  leaves  us  a  little  in  the  dark  respecting  the  relative 
merits  of  the  American  mortar,  2  to  1,  and  the  Portland,  3  to  1. 

The  stone  used  under  the  name  of  "gabro  "  is  probably  a  syenite, 
differing  from  granite  or  gneiss  in  that  the  quartz  is  replaced  by  horn- 
blende. 

The  precautions  taken  in  bedding  the  stones,  described  on  page  58, 
are  those  necessary  to  secure  good  hydraulic  masonry.  It  is  proba- 
ble, however,  that  as  the  work  progressed  and  the  gangs  became 
broken  in  to  the  requirements  of  the  inspection,  the  beds  were  prop- 
erly prepared  at  once,  without  the  necessity  of  raising  every  stone  in 
order  to  rebed  it.  Foremen  accustomed  only  to  ordinary  first-class 
masonry,  such  as  bridge  abutments,  are  apt  to  be  dismayed  at  first  by 
the  lavish  use  of  mortar  required  in  hydraulic  work.  They  soon 
realize  however,  that,  even  when  mortar  is  thrown  in  by  the  shovelful 
none  need  be  wasted,  for  the  surplus  is  forced  out  by  the  stones  as 
they  are  laid,  and  goes  to  form  the  bedding  of  the  neighboring  ones. 
Specimens  of  the  work  are  shown  in  Plate  XTT,  and  to  a  larger  scale 
in  Fig.  2,  Plate  XI.  In  the  latter  figure  some  hammer-dressing  or 
possibly  *'  plug  and  feathering  *'  seems  to  have  been  used  to  secure 
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Mr.  Qoald.  approximately  vertioal  joints  and  horizontal  beds,  and  in  these 
respects  the  work  is  satisfactory.  It  mnst  be  recognized,  however, 
that  the  stones  are  badly  shaped  for  substantial  work.  Unless  they 
are  all  headers,  which  wonld  be  bad  constrnotion,  they  are  nearly  all 
too  high  in  the  rise  for  the  length  of  bed,  making  them  top  heavy  and 
rendering  it  next  to  impossible  to  secure  a  good  bond,  as  is  plainly 
seen  in  the  figpire.  In  a  wall  of  the  immense  thickness  of  the  main 
dam  it  is  true  that  many  defects  of  this  sort  are  of  comparatively  little 
moment,  for  the  wall  must  be  considered  in  the  mass,  and  besides, 
true  Portland  cement  mortar  proportioned  2  to  1  or  even  3  to  1  is  a 
tower  of  strength,  and  covers  many  sins.  But  in  the  case  of  light 
work,  such  as  the  center  wall  of  the  earth  embankment,  the  stones 
should  be  got  out  in  such  shapes  that  each  individual  piece  is  in 
stable  equilibrium  when  laid  in  the  wall  with  its  best  bed  down. 
They  should  admit  of  being  laid  readily,  with  a  perfect  interlocking 
bond,  every  vertical  joint  being  well  capped  by  the  stone  above  it,  the 
bond  being  maintained,  not  only  on  the  face,  but  throughout  the 
entire  body  of  the  work.  In  Fig.  1,  Plate  XII,  showing  the  unfin- 
ished end  of  the  spillway,  a  tendency  may  be  seen  to  produce  a  triple 
wall,  that  is,  to  build  ihe  two  faces  first,  and  fill  in  between  them 
afterward.  Unless  the  greatest  care  be  taken  to  prevent  it,  thin  work 
will  almost  always  be  built  this  way,  but  the  result  is  a  weak  combi- 
nation, and  the  tendency  should  be  carefully  guarded  against. 

The  prices  paid  for  the  different  classes  of  work  furnish  valuable 
economic  data.  The  price  of  rubble  seems  very  low,  although  the 
facilities  for  using  large  stones  and  working  generally  to  good  advan- 
tage, are  very  great.  The  prices  paid  for  excavation,  both  rock  and 
earth,  on  the  other  hand,  seem  high.  No  price  is  stated  for  refilling 
or  embankment.     It  is  noteworthy  that  no  concrete  is  mentioned. 

The  over-running  of  the  time  limit  in  a  work  so  carefully  planned, 
and  in  which  there  were  no  blunders  to  correct,  nor  extensive  addi- 
tions made  after  the  work  was  commenced,  is  suggestive  at  the  pres- 
ent time  when  other  gigantic  undertakings  are  contemplated  by  the 
city. 
Mr.  Rafter.  Geobqe  W.  Rafter,  M.  Am.  Soc.  C.  E.  (by  letter).— The  portions 
of  this  paper  relating  to  the  borings  for  determining  the  nature  of  the 
foundations  are  especially  interesting  to  the  writer,  as  well  as  the 
observation  that,  in  the  Croton  Valley,  wherever  the  bed-rock  ap- 
peared at  one  side,  it  almost  invariably  dipped  down  sharply  on  the 
other  side  to  a  depth  at  which  it  would  be  impracticable  to  establish 
a  foundation. 

This  general  condition,  or  a  modification  of  it,  is  found  frequently 
in  streams  issuing  from  the  granitic  rock  horizons  of  the  Adirondack 
mountains  of  New  York.  The  writer  has  found  it  repeatedly  in  his 
extended  series  of  examinations  of  sites  for  storage  dams  in  that  region. 


Digitized 


byGoogk 


Papers.]    DISCUSSION  ON  FOUNDATIONS  OF  NEW  GROTON  DAM.    441 

As  to  why  this  phenomenon  repeatedly  occurs,  the  geologists  are  Mr.  Rafter. 
BUent;  and  thus  far  the  writer  has  been  nnable  to  assign  any  explana- 
tion. Certainly,  in  yiew  of  the  large  amonnt  of  high  dam  construction 
bow  projected  in  the  State  of  New  York,  an  answer  to  this  question 
would  be  useful,  if  for  no  other  purpose  than  to  tell  us  in  many  oases 
what  to  avoid.  An  answer  is  desirable  further  on  the  general  principle 
that,  with  the  reason  fairly  understood,  we  may  hope  to  find  more 
easily  the  point  of  minimum  resistance — that  is  to  say,  the  location  on 
a  given  stream  where  the  conditions  are,  on  the  whole,  the  most 
favorable. 

As  to  a  solution  of  this  problem,  the  writer  considers  that  un- 
doubtedly it  will  come  through  a  better  understanding  of  the  laws 
governing  glacial  drift  and  the  complex  phenomena  of  surface 
geology,  generally. 

As  stated,  some  of  the  Adirondack  streams  present  a  modification 
of  the  condition  described  by  Mr.  Gk>wen,  namely,  the  bed-rock 
frequently  shows  on  one  side  of  the  valley,  dipping  down  to  a  few  feet 
below  the  bed  of  the  stream  and  then  running  off  on  the  other  side 
either  horizontally  or  approximately  so.  This  was  the  condition  at 
Indian  Lake,  where  a  dam  47  ft.  high  was  erected  in  1898.  So  far  as 
the  studies  have  been  carried,  it  is  the  condition  at  Boreas  and  Cheney 
Ponds,  Tumblehead  Falls,  Conklinville  and  other  points  proposed  as 
sights  for  high  dams  in  the  Adirondack  region,  and  of  which  some  of 
the  details  may  be  obtained  by  reference  to  the  writer's  reports  on  the 
Upper  Hudson  storage  surveys. 

In  1893-96,  the  writer  made  a  series  of  studies  for  high  dams  on  the 
C^nesee  Biver  ranging  from  about  100  ft.  to  175  ft.  in  total  height. 
In  the  work  in  the  Genesee  Valley,  in  1893,  the  rocks  dealt  with  were 
the  rather  soft  and  friable  Genesee  shales.  In  general  terms,  the 
problem  was  to  find  material  hard  enough  to  carry  securely  the  super- 
imposed weight  and,  at  the  same  time,  insure  water-tightness  under 
the  foundations  and  at  the  ends. 

It  was  deemed  desirable  to  use  the  diamond  drill  extensively.  The 
cores  taken  out  showed  that  the  first  20  to  30  ft.  of  the  rock  founda- 
tion, while  evidently  capable  of  carrying  the  proposed  loads,  was 
defective  in  that  there  were  many  minute  seams  through  which  con- 
siderable water  might  be  expected  to  escape  when  under  pressure.  In 
order  to  gain  some  idea  of  just  how  serious  a  matter  this  might  be, 
water  pressure  was  applied  to  drill  holes  after  the  drilling  was 
finished,  by  the  use  of  a  rubber  packer,  placed  at  different  elevations 
in  the  holes.  Water  was  forced  below  the  same  by  means  of  a  pipe 
passing  through  the  packer.  Space  will  not  be  taken  to  describe  in 
detail  the  arrangements  for  accomplishing  this,  because  illustrations  of 
such  rubber  packers  may  be  found  in  the  catalogues  of  firms  dealing 
in  well  supplies.     Moreover,  the  appliances  and  the  results  attained 
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Mr.  Bafter.  bare  been  desoribed  bj  the  writer  somewhat  in  detail  in  his  reports  on 
the  Ctenesee  Biver  storage,  for  1893  and  1894.  The  object  in  referring 
to  the  matter  at  all  on  this  occasion  is  chiefly  to  complete  the  literature 
of  the  subject  in  the  TVaTisacHons  of  this  Society.  So  far  as  the  writer 
is  aware,  his  methods  of  using  water  under  pressure  for  testing  the 
quality  of  rook  foundations,  as  worked  out  in  1893,  were  somewhat  in 
advance  of  methods  used  previously.* 

To  illustrate  the  methods  used  and  the  results  obtained  in  1893, 
the  following  abstracts  from  the  log  of  the  tests,  as  kept  from  day  to 
day,  are  presented: 

October  17th.  1893.— Tested  drill  hole  YY4,  using  rubber  packer 
set  50  ft.  from  top  of  casing.  On  starting  pump,  gauge  showed  60  to 
70  lbs.,  and  pressure  rose  gradually  to  110  lbs.  At  this  pressure  the 
hole  took  all  the  water  the  pump  could  deliver.  After  pumping  for 
an  hour  with  the  packer  at  Elevation  539.5,  disconnected  and  found 
that  water  ran  slowly  from  top  of  pipe,  about  5  ft.  above  surface  of 
ground  (Elevation  594.0),  thereby  showing  that  a  small  head  had  been 
gained  at  the  sides.  Packer  was  then  raised  to  Elevation  559.5  (top  of 
rock  at  565.2),  and  the  pump  again  connected.  With  the  pump  at  full 
capacity,  the  pressure  was  only  20  lbs.  and  no  more  could  be  gained 
however  rapidly  the  pump  was  run.  The  clear  inference  is  that 
between  Elevations  539.5  and  559.5  there  are  seams  or  fissures  which 
allow  water  to  flow  out  of  the  drill  hole  when  under  about  20  lbs. 
pressure. 

October  19th.  1893.— Tested  drill  hole  ZZl,  Packer  was  first  set 
19  ft.  above  bottom  (Elevation  532.5).  Pump  stalled  at  100  lbs. 
pressure.  Raised  packer  gradually,  packing  it  at  every  few  feet  by 
setting  pressure  above  against  pressure  of  water  from  below.  In  this 
way  the  hole  was  tested  for  its  entire  length  and  found  to  stand,  as 
stated,  100  lbs.  at  the  bottom,  and  from  40  to  50  lbs.  in  the  upper 
part. 

October  31st,  1893. — Tested  horizontal  hole  at  foot  of  Hog-back. 
Set  packer  87  ft.  in,  or  8  ft.  from  end.  On  starting  pump,  gauge 
showed  100  lbs.  and  rose  gradually  to  140  lbs.  Beleased  packer  and 
stopped  every  10  ft.  until  54.5  ft.  from  bottom  was  reached.  At  this 
point  gauge  dropped  to  100  lbs.,  but  in  30  minutes  advanced  again  to 
140  lbs.,  and  in  15  minutes  more  to  150  lbs.,  where  it  remained  for  30 
minutes  and  then  dropped  to  60  lbs.,  the  steam  pressure  remaining 
the  same.  In  1  hour  and  45  minutes  the  pressure  was  40  lbs.  At  this 
point  water  dripped  from  the  side  of  the  Hogback  for  some  distance 
to  the  South. 

November  2d,  1893. — Repeated  the  foregoing  test  with  packer  55 
ft.  from  bottom  of  hole,  and  with  4  qts.  of  wheat  bran  below  packer. 
Pumped  with  100  lbs.  pressure  for  2  hours  without  effect. 

November  2d,  1893.— Tested  hole  23  +  42,  W.  250,  at  Hogback 
location.  Hole  84  ft.  deep,  14  ft.  to  rock  (elevation  of  bottom  503.4, 
top  of  rock  571.4).  Set  packer  8.5  ft.  from  bottom.  Gauge  showed 
165  lbs.  Raised  packer  to  Elevation  524.4,  and  pressure  dropped  to 
80  lbs.  Disconnected  and  put  in  4  qts.  of  bran,  whereupon  pressure 
rose  to  170  lbs.  Raised  packer  to  Elevation  534.0  and  still  maintained 
same  pressure.     At  Elevation  536.0  pressure  dropped  to  100  lbs.  and 

*  Report  on  Genesee  River  Storage  Suryeys,  Annual  Report  of  the  State  Engineer 
and  Surveyor  of  New  York,  for  1896,  p.  416.    Also,  same  report,  1894,  p.  800. 
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remained  at  that  point  even  after  the  addition  of  5  qts.  of  bran.  Mr.  Rafter. 
Pressure  finally  fell  to  60  lbs.  and  remained  there  for  3}  hours.  While 
pumping  this  hole,  water  ran  from  casing  at  28  +  42,  W.  350. 

November  4th,  1893.— Tested  23  +42,  W.  350,  at  Hogback  location. 
Set  packer  10  ft.  from  bottom  (elevation  518.0)^  and  obtained  40  lbs. 
pressure.  Added  4  qts.  of  bran  without  effect  on  the  pressure.  In 
2^  hours  the  pressure  rose  gradually  to  65  lbs.  Coloring  matter  was 
added,  and  showed  in  the  water  flowing  'from  casing  at  hole  23  +  42, 
W.  250.  On  stopping  pnmp,  it  was  found  that  water  pumped  into  hole 
had  acquired  a  back  pressure  of  20  lbs.  On  disconnecting,  water  ran 
from  pijpe  for  1  hour  and  49  minutes.  This  test  indicates  not  only  a 
connection  between  hole  23  +  42,  W.  250,  and  this  one,  under  the 
river  bed,  and  independent  of  it;  but  also  shows  backing  up,  probably 
in  vertical  seams,  at  the  sides  of  the  gorge.  A  number  of  other  tests 
at  this  site  gave  the  same  result.  In  one  of  them  the  back  pressure 
increased  gradually  to  from  50  to  60  lbs. ,  where  it  remained  stationary 
during  4  hours'  continuous  pumping.  Water  was  then  discovered  run- 
ning from  a  fissure  in  the  rock  side  of  the  gorge  over  100  ft.  above  the 
river  surface  and  several  hundred  feet  away. 

November  24th,  1893.— Tested  B.  40  +  70,  W.  750,  at  Site  No.  1. 
Set  packer  6  ft.  from  bottom.  Pressure  rose  to  180  lbs. ,  when  pump 
stalled.  Baised  packer  10  ft.,  or  to  16  ft.  from  bottom,  when  pressure 
rose  at  first  to  170  lbs.,  but  in  a  few  minutes  fell  to  120  lbs.,  where  it 
remained  for  10  minutes,  and  finally  fell  to  100  lbs.  Uncoupled  and 
added  bran,  when  pressure  rose  from  100  to.  120  lbs.  Baised  packer 
to  26  ft.  from  bottom  and  g^^g^  showed  40  lbs.  Again  added  bran 
and  gauge  rose  to  50  lbs.  With  packer  at  this  elevation  gas  issued 
from  casing  at  hole  B.  40  +  70,  W.  850.  Upon  raising  packer  2  ft. 
more,  larger  quantities  of  gas  flowed  from  the  hole.  The  packer  was 
raised  and  lowered  several  times  with  like  results,  showing  a  connection 
between  the  two  holes  at  about  Elevation  548.0. 

The  use  of  wheat  bran,  as  referred  to  in  the  foregoing,  was  for  the 
purpose  of  determining  whether  or  not  the  seams  permitting  the 
escape  of  water  were  of  minute  or  open  texture.  When  minute,  the 
fact  was  shown  quickly  and  e'asily  by  the  use  of  a  very  small  quantity 
of  bran. 

In  1896  the  final  studies  for  the  Genesee  storage  dam  at  Portage 
were  made.  Here  very  simple  conditions  prevailed.  The  rocks  dealt 
with  were  the  comparatively  hard  sandstones  of  the  Portage  group, 
and  a  few  borings  followed  by  water-pressure  tests  removed  all  uncer- 
tainty as  to  the  nature  of  the  foundation.  The  writer  has  no  doubt 
that  diamond-drill  cores  and  a  series  of  water  pressure  tests  properly 
carried  out  can  be  made  to  yield  more  for  a  given  expenditure  than 
any  other  method  of  investigating  this  specific  problem  thus  far 
devised.  Indeed,  there  is  really  no  other  satisfactory  method  of 
investigation. 

In  view  of  the  interesting  and  valuable  results  obtained,  even  from 
observation  of  loss  of  drill  water  at  the  New  Croton  Dam,  it  seems 
unnecessary  to  dilate  at  length  on  the  practical  value  of  such  tests. 

The  method  of  stopping  cavities  by  forcing  in  plastic  clay  is  inter- 
esting and  undoubtedly  new  to  most  engineers.     Mr.  Gowen  is  fortu- 
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Mr.  Rafter,  nate  in  the  considerable  number  of  either  new,  or  substantially  new, 
details  developed  on  the  work  under  his  charge,  and  which  he  has 
presented  in  this  paper. 
Mr.LeOonte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  a 
valuable  contribution  to  practical  knowledge  on  masonry  dam  build- 
ing, particularly  where  the  bed-rock  at  the  site  is  of  inferior  charact<er. 
It  contains  many  interesting  data  relating  to  the  treacherous  nature  of 
limestone  formations.  Every  student  of  the  stability  of  masonry  dams, 
however,  will  feel  a  certain  amount  of  disappointment  in  the  fact  that 
systematic  efforts  were  not  made  to  determine  the  amount  and  extent 
of  the  expected  up-lift  on  the  base  of  the  dam,  due  to  the  upward 
pressure  of  the  ground-water  when  the  lake  is  filled. 

It  will  be  remembered  that  during  the  building  of  the  Yymwy  Dam 
Mr.  Deacon  went  to  much  expense  and  made  many  useful  experiments 
with  the  view  of  determining  the  amount  and  extent  of  up-Uft  on  the 
base  of  the  dam,  and  the  results  were  both  instructive  and  thoroughly 
convincing. 

The  mammoth  dam  now  being  built  on  the  Cornell  site,  based  on  a 
seamy  bed-rock  full  of  running  water,  certainly  furnished  rare  oppor- 
tunities for  making  further  valuable  experiments  in  the  same  direction, 
and  it  seems  strange  thi^t  some  efforts  were  not  made  to  get  more  ex- 
tended information  on  this  all-important  subject,  and  at  no  great 
additional  expense.  It  is  extremely  doubtful  how  much  of  this  up-lift 
can  be  suppressed  by  grouting  wet  seams  and  filling  up  cavities  in  the 
limestone  bed-rock.  Where  hydrostatic  pressures  are  great,  as  they  will 
be  in  this  case,  it  is  hard  to  understand  how  the  up-lift  will  be  confined 
to  the  mouths  of  the  bed-rock  fissures  exclusively. 

The  author  states  that  a  great  many  test  holes  were  drilled  and  piped, 
the  ground-water  in  some  rising  88  ft.,  with  the  lake  as  yet  empty. 

It  is  to  be  hoped  that  some  of  those  pipes  have  been,  and  will  be, 
maintained  and  continued  up- vertically  through  the  completed  dam, 
with  the  view  of  noting  the  changes  in  the  pipe  water-levels  as  the  lake 
fills  up. 
Mr.€k>wen.  Chables  S.  GowEN,  M.  Am.  Soc.  C.  E.  (by  letter).— In  presenting 
his  paper  on  **  The  Foundations  of  the  New  Croton  Dam,"  the  writer 
did  not  anticipate  that  the  question  of  the  section  adopted  would  be 
raised  as  the  principal  point  of  one  of  the  discussions  offered,  and  he 
would,  for  obvious  reasons,  prefer  to  leave  the  further  discussion  of 
this  point  to  those  who  were  originally  more  interested  than  he  in  the 
matter.  Nevertheless,  the  following  is  offered  in  reference  to  this 
question,  in  connection  with  his  reply  to  the  other  points  raised  by 
Mr.  Gk)uld. 

As  the  writer  understands  it,  the  following  were  the  principal  con- 
ditions governing  the  design  of  the  section : 

The  water  level  when  the  basin  was  full  was  taken  at  Elevation  206. 
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Water  pressure  was  assumed  to  obtain  to  the  level  of  the  bed-rook  Mr.Gowen. 
BTirface. 

The  back  pressure  due  to  the  water  on  the  down-stream  side  (water- 
table  level)  was  also  taken  into  acconnt  and  allowed  for. 

Pressures  (calculated)  were  limited  to  15  tons  per  square  foot  at  the 
base  of  the  structure  (rock  surface),  and  the  lines  of  pressure  were 
kept  well  within  the  middle  third  of  the  section  at  any  assumed  level. 

The  above  conditions  are  stated  because  Mr.  Gould  seems  to  have 
been  in  error  in  understanding  that,  in  the  calculations,  Elevation  210 
was  assumed  as  high-water  mark  and  that  the  profile  of  equal  resist- 
ance was  continued  down  to  bed-rock,  120  ft.  (instead  of  75  ft.)  below 
the  bed  of  the  stream;  while,  as  to  the  elevation  of  the  overflow  (196), 
provision  has  been  made  for  an  increased  height  by  means  of  flash- 
boards  at  some  future  time,  and  a  high- water  elevation  of  206  is  not  im- 
probable. 

Ko  additional  thickness  of  section  was  made  on  account  of  possible 
ice  pressure  or  wave  motion.  It  is  fair  to  assume  that  the  extensive 
overflow  located  in  close  proximity  to  the  main  dam  will  operate  at 
ordinary  high  water  to  relieve  the  lake  of  extensive  areas  of  ice  nearly 
aB  effectively  as  if  it  were  on  the  main  dam  proper,  while  the  width  of 
the  structure  at  the  top  (Elevation  210),  necessary  for  a  roadway,  gives 
additional  weight  and  stability  to  the  section  immediately  below. 

Mr.  Gould  maintains,  apparently,  that  no  account  need  be  taken  of 
pressures  below  the  restored  natural  surface,  below  which  the  founda- 
tions may  He,  and  that  no  spreading  of  the  "foot  **  should  take  place 
below  this  level.  In  other  words,  that  the  structure  should  be 
designed  only  with  reference  to  its  height  above  the  restored  natural 
surface;  that  the  base  on  which  it  rests  should  be  limited  by  vertical 
sides;  and  that  dependence  should  be  placed  upon  the  weight  of  the 
refill  for  resistance  to  crushing  and  overturning,  both  of  which  tend- 
encies would  necessarily  be  increased  greatly  by  the  narrow  foundation 
width.  In  support  of  this  assumption  he  has  stated  that  "he  would 
consider  this  portion  of  the  structure  as  forming,  in  fact,  a  part  of  the 
geology  of  the  territory,"  which  would  seem  to  mean  that  the  founda- 
tion wall  must  be  taken  as  equal  to  the  ledge  rock  below,  at  least  in 
its  capacity  to  resist  crushing  strains,  and  that  the  refilling  or  restored 
material  must  be  as  compact  as  it  was  originally,  before  excavation 
was  made,  in  order  to  be  as  effective  as  possible  against  tendency  to 
overturn.     Is  not  this  assumption  extreme? 

Further  on,  Mr.  Gould  states  that  the  tendency  of  the  stress,  on  the 
base  and  lower  portions  of  the  wall  of  a  high  masonry  dam,  is  to  pul- 
verize the  bottom  courses,  and  that  it  can  only  be  resisted  by  an  exten- 
sion of  the  base  beyond  what  would  be  required  to  secure  a  sufficient 
moment  of  resistance  to  overthrow.  He  then  compares  such  a  section, 
perhaps  not  inaptly,  to  a  bag  of  meal  in  danger  of  bursting.    When, 
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Mr.Qowen.  however,  he  proposes  to  extend  such  a  section  for  an  indefinite  distance 
below  the  ground  surface,  and  depends  upon  the  refilling  to  counteract 
the  bursting  and  overturning  tendencies,  it  would  seem  to  the  writer 
that  the  plan  is  somewhat  analogous  to  that  of  packing  the  bag  of 
meal  in  shavings  to  avoid  further  chance  of  rupture  to  the  bag. 

It  may  be  of  interest  to  compare  results  obtained  by  Mr.  Gk>uld*s 
formula  for  determining  the  required  storage,  with  results  derived  by 
other  methods,  and  if  in  case  of  the  New  York  City  water  supply  we 
assume  <7  :=  280  000  000  galls,  per  day^which  is  all  that  the  Oroton  is 
calculated  to  supply  in  dry  years — and  Y  =  360  000  000  galls,  per 
day,  which  may  be  taken  as  a  fairly  conservative  estimate  of  the  average 
yield  of  the  water-shed,  as  deduced  from  observations  extending 
from  1870  to  1894,  inclusive,  we  have  as  the  required  storagep — 

^=  SSw  ><  »«^  = '» *^  «»  «» =^  «*""• 

Deductions  made.on  the  basis  of  the  Sudbury  Biver  records  from  1875 

to  1895,*  inclusive,  would  give  the  following  as  the  required  storage 

for  a  dry  year  supply  of  280  000  000  galls,  per  day — 

Area  of  Croton  water-shed  361  sq.  miles. 

280  000  000      __^  ^^^  .       „  .,  .  - , 
^^^ =  776  000  d:  galls,  per  square  mile  average  yield 

ODl 

per  day  required. 

This  requires  a  storage  per  square  mile  of  water-shed  of  200  000  000 
galls,  to  prevent  deficiency  in  a  dry  year,  or  a  total  storage  of 
200  000  000  X  361  =  72  200  000  000  galls. 

Later  computations  of  the  yield  of  the  Croton,  in  which  the  gang- 
ings  of  flow  have  been  continued  nearly  up  to  date,  show  a  continued 
close  approximation  between  the  actual  average  daily  yield  and  the 
required  storage  as  deduced  through  the  medium  of  Mr.  Steams' 
tables  based  on  the  Sudbury  flow,  and  the  actual  storage  planned. 

The  question  of  trenching  the  outline  of  the  foundation  in  order  to 
save  the  excavation  of  self-supporting  slopes  was  fully  considered,  in 
connection  with  the  general  problem  presented  in  the  matter  of  the 
earth  excavation  at  the  dam,  and  the  writer  is  of  the  opinion,  judging 
from  the  experience  had  with  this  part  of  the  work,  that  neither  time 
nor  expense  could  have  been  saved  by  such  methods.  The  maint-e- 
nance  and  drainage  of  trenches  sufiScient  for  the  purpose,  which  on 
the  limestone  side  of  the  foundation  would  have  had  to  be  carried  to 
varying  and  great  depths  into  the  bed-rock,  would  have  proved  espe- 
cially expensive,  as  well  as  tedious,  and,  even  with  the  trenches  estab- 
lished and  the  retaining  walls  built  in  them,  the  resumption  of  the 
interior  excavation  work  would  have  tended  to  cause  delay  and  con- 
fusion, as  the  excavation  and  masonry  work  would  have  had  to  be 

*  Su^[^:estion8  as  to  the  Selection  of  Sources  of  Water  Supply^"  by  F.  P.  Stearns,  M. 
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<3arried  on  in  close  proximity  in  a  place  where  lack  of  working  room  Mr.  Oon 
was  always  found  to  be  a  hard  condition  to  meet. 

The  main  consideration  governing  the  change  resulting  in  extend- 
ing the  main  dam  farther  into  the  side  hill  was  the  reduction  of  the 
height  of  the  embankment  at  the  south  end  of  the  dam.  The  maxi- 
mum height  of  the  embankment  above  the  level  of  the  restored  surface 
will  now  be  about  60  ft.  Another  advantage  gained  is  that  the  hard- 
pan  of  the  core- wall  trench  extends  to  the  rock  foundation  for  the  full 
length  of  the  trench,  up  to  the  juncture  of  the  wall  and  the  main 
dam. 

The  extensive  bank  of  hardpan  on  the  south  side  of  the  valley 
made  it  practicable  to  introduce  the  core- wall  and  embankment  features 
into  the  design  of  the  dam  and  was,  in  fact,  one  great  reason  for  seri- 
ously considering  this  location  as  feasible  and  advisable,  under  certain 
circumstances,  in  the  beginning. 

The  core- wall  is  planned  to  stop  at  Elevation  200,  as  the  water  in 
the  basin  will  not  rise  above  this  level  except  for  short  intervals  of 
time,  and  the  embankment,  at  this  elevation,  will  be  fully  180  ft.  thick 
and  well  paved. 

As  to  the  possible  upward  pressure  due  to  percolation  under  the 
foundations:  Mr.  Gould  alludes  to  fears  on  this  score  as  groundless. 
In  this  the  writer  fully  agrees  with  him,  but  it  must  not  be  lost  sight 
of  that  Mr.  Deacon,  in  building  the  Yymwy  Dam,  established  a  series 
of  collecting  and  discharging  drains  in  the  body  of  the  dam,  in  antici- 
pation of  possible  percolation  tending  to  influence  the  structure's 
stability. 

The  query  in  regard  to  the  cement  used  is  pertinent,  and  a  more 
definite  statement  is  warranted.  The  Portland  cement  thus  far  used 
is  American  Portland,  Giant  Brand,  while  the  term  ''American 
•cement"  alludes  to  light-burned  cement.  Of  this,  large  quantities 
have  been  used — mostly  of  the  Union  and  Bridge  Brands— the  former 
a  Lehigh  Valley  and  the  latter  a  Bosendale  cement. 

Begarding  Mr.  Gould's  leference  to  Fig.  2,  Plate  XO,  and  his  criti- 
cism of  the  shape  of  the  rubble  stones  used  for  the  up-stream  facing,  it 
may  be  said  that  in  the  effort  to  build  a  face  with  as  small  an  amount 
of  joint  surface  (requiring  spawling  and  pointing)  as  possible,  the 
ordinary  rules  governing  the  proportions  between  the  height  and 
width  of  stones  may  have  been  ignored  at  times.  This,  it  would  seem, 
was  warranted  when  the  great  thickness  and  monolithic  character 
of  the  structure  is  considered. 

The  writer  regrets  that  Fig.  1,  Plate  XTT,  should  show  a  question- 
able streak  near  the  middle  of  the  unfinished  end  of  the  spillway. 
This  streak  was  due  to  the  wash  of  surface  material  from  above,  and 
he  is  glad  to  assure  Mr.  Gould  that  the  workmanship  at  this  point 
compares  very  favorably  with  that  at  any  other  point  of  the  structure. 
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iCr.  Gowen.  Mr.  Rafter's  account  of  the  use  of  a  rubber  packer  in  connection 
with  the  diamond  drill  is  interesting  and  valuable,  and  the  writer 
fully  agrees  with  him  that  through  the  water  pressure  tests  oppor- 
tunity is  offered  for  very  complete  utilization  of  diamond  drill  borings. 
The  results  shown  in  the  quotations  from  the  log  of  the  pumping 
tests  are  remarkably  well  defined,  and  the  back  pressures  obtained  and 
flows  traced,  at  a  distance  and  at  comparatively  high  elevations,  are 
notable,  if  only  as  indicating  the  extent  to  which  such  tests  can  be 
used  in  the  examination  and  tracing  of  particular  seams,  as  well  as 
masses  of  rock  in  general. 
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PAPERS  AND  DISCUSSIONS. 

NoTB.~Thls  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


THE  IMPROVEMENT  OP  A  PORTION  OP  THE 
JORDAN  LEVEL  OF  THE  ERIE  CANAL. 

Discussion.^ 


By  Messrs.  Edwabd  P.  Nobth,  James  Owbn,  Geobqe  HiUi,  J.  G.  Taxi, 
Samuel  Whinebt,  L.  J.  Le  Conte  and  Guffobd  Bichabdson. 


Edwabd  P.  Kobth,  M.  Am.  Soc.  C.  E.— Mr.  Bafter^s  remarks  are  Mr.  North, 
pertinent,  but  possibly  he  has  missed,  or  has  not  emphasized  suffi- 
ciently, the  principal  difficulty,  namely,  the  errors  made  in  planning 
the  work.  These  errors  may  possibly  be  shown  to  the  best  advantage 
by  Table  No.  4,  which  gives  the  Engineer's  estimate  of  quantities  and 
prices,  the  contractor's  bid  on  those  quantities,  and  the  approximate 
final  estimate  as  given  by  the  author. 

It  was  estimated  that  more  than  6  miles  of  swamp  could  be  drained 
and  kept  free  from  water  at  a  cost  of  $1  500.  It  was  this  lack  of  appre- 
ciation of  the  influence  of  water  on  marl  and  clay  that  nullified  the 
contract ;  for,  after  the  first  season,  there  was  virtually  no  contract 
between  the  State  and  the  contractor,  but,  to  use  the  words  of  L.  E. 
Gooley,  M.  Am.  Soc.  C.  E.,  *'the  contractor  had  a  license  to  prosecute 
the  work  at  his  own  price  and  on  his  own  specifications. " 

It  was  well  known  that  with  the  first  canal,  built  in  1816  to  1825, 
there  was  much  difficulty  on  what  became  known  as  *'the  Jordan 
Level."  It  was  not  then  as  notorious  as  it  was  under  the  enlargement 
of  1836.  The  author  has  stated  that  three  contractors  abandoned  the 
work,  and  that,  eventually,  the  bulk  of  it  was  done  by  the  State.     The 

*  Continued  from  February,  1900,  Proceedings.  See  December,  1890,  Proceedings^  for 
Paper  by  Wlillam  B.  Landreth,  M.  Am.  Soc.  C.  £.,  on  this  subject. 
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Mr.  North.  TABLE  No.  4.^FBKLDaNAB7E0riMATB,  Suocbssful  Bid  amb  Affboxi- 

EROINBBB^S  E0TIMATI. 


QuanU- 
ties. 

umtB. 

Items. 

Prices. 

Aggregate. 

1 

Grubblnc^  and  clearing 

$600.00 

1500.00 

0.87 

1.00 

1.00 

0.86 

0.86 

0.60 

0.16 

0.16 

0.10 

0.10 

0.06 

40.00 

86.00 

16.00 

17.00 

6.60 

18.00 

6.00 

8.00 

8.86 

6.00 

10.00 

1.96 

0.80 

8.00 

0.10 

0.04 

0.08 

0.06 

40.00 

40.00 

$600.00 

1 

cu:jdi:; 

44 

Cu.yds;; 

44 

Lin.  ft.;; 

44 
44 

FeetB.liL 

44 

44 

Cu.  jds. . 

44 
44 
4» 

8q.  yds;; 
Cu.  yds.. 
Lin.  ft... 
Lbs 

•  4 

1600.00 

160  000 

Dry  edccayation  of  earth 

40600.00 

4600 

"             "      rock 

4  600.00 

600 

Excavation  of  nkaaonry 

600.00 

6000 

Rn««k«»lVi^nnAllf^.    ,^     '           ,        ., 

1860.00 

1000 

Kinb^nXrofint*  ~^ 

860.00 

17  000 

MnfnM 

10900.00 

1000 

Poddflnc 

150.00 

600 

PUesddlvered 

75.00 

600 

**    driven 

60.00 

60  000 

Piles  at  foot  of  walls  delivered 

6  000.00 

45000 

8960.00 

1000 

White  oak  timber  and  olank 

40.00 

4000 

Pine      "          "      .....;....; .; 

100.00 

946  000 

Hemlock  "                "          

8  066.00 

766  000 

19  886.00 

860 
40 

Bridge  abutment  culvert  and  receiver  niasomr 
CoplnK  on  above 

5  596.00 
480.00 

50 

Vertical  wall  in  Portland  cement 

960.00 

1100 

*'             laid  dry 

8  800.00 

16  000 

Slope  and  pavement  wall 

80000.00 

8900 

Portland  cement  concrete 

11000  00 

5 

Asphaltlc  concrete^ . . .  x  ^  x  x .  ^  t  *  x .  ^ .  * .  x  ^  ^ . .  ^  ^  * 

50.00 

10 

Loose  stone  filling 

19.50 

10 

Portland  oement'pointing ^  T ......... , 

8.00 

44 

Pavement  wall. . ," T, .................... . 

189.00 

600 

Cedar  posts  set 

50.00 

1000 

Wrought  iron  and  steel i ...././. ,../...., 

40.00 

16  000 

Cast-iron  pipe 

800.00 

8600 

Spikes  and  nails 

176.00 

8 

Raising  bridges 

190.00 

8 

Painting  bridges 

190.00 

$141 198.50 

*  These  piles  were  at  various  prices. 

prism  of  the  canal,  howeyer,  was  not  thoroaghly  excavated,  and  when 
that  was  done  there  was  a  saring  of  one-third  in  the  traction  necessary 
to  draw  a  boat  through  it. 

Without  an  engineer's  knowledge  of  the  work  to  be  done  and  an 
engineer's  plan  on  which  to  do  that  work,  it  is  impossible  to  cope 
satisfactorilj  with  difficulties  which  may  arise.  This  statement  is 
made  in  emphasis  of,  rather  than  in  opposition  to,  anything  Mr.  Bafter 
has  said.  The  relations  between  the  specifications  and  the  economical 
and  possibly  the  successful  conduct  of  the  work  is  rather  interesting 
in  yiew  of  the  recommendation  of  the  Canal  Committee  of  the  State  of 
New  York,  which  has  recently  made  a  report  on  the  subject.    In  rela- 
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XATB  Final  Estiicate  on  Gontellct  No.  4,  Mn>Di«B  Division,  Ebib  Oanaii.  Mr.  North. 


BuocMSFDL  Bid. 

Appboxuatb  Final  Estimatx. 

Prices. 

A«rgregate. 

Quantttiee. 

Prices. 

Aggregate. 

9B00.00 

1600.00 

8  000.00 

41960.00 

$1800.00 

8  000.00 

4  896.00 

0.87^ 

aoe'iM  "" 

io'.iiii 

84  746.10 

1.00 

4  600.00 

96  009 

1.00 

96068.00 

0.70 

860.00 

696 

0.70 

866.90 

0.10 

600.00 
800.00 

o.ao 

wood"  ■ 

0.9b 

osiaiod'"* 

1.00 

17  000.00 

68  916 

1.00 

68  016.00 

o.ao 

800.00 
60.00 

0.10 

44d'66i*"* 

V 

W4b0.*76"" 

0.16 

76.00 

888  660 

0.46 

68  807.60 

0.00 

4  600.00 

84  068 

0.00 

7  667.90 

0.00 

4U60.UU 

44  688 

0.09 

4081.08 

BO.OO 

60.00 

960 

60.00 

19.60 

80.UO 

190.00 

10  660 

80.00 

689.50 

16.00 

8  986.00 

1066  600 

16.00 

16  860.60 

17.00 

19  886.00 

980  860 

17.00 

8  984.68 

7.00 

6  060.00 

706.6 

7.00 

4  088.60 

16.00 

640.00 

90.4 

16.00 

470.40 

6.00 

800.00 

9  860.0 

6.00 

17160.40 

8.60 

8S60.00 

996 

8.60 

1088.60 

9.47 

80  600.00 

44  800 

9.47 

101666.00 

6.l« 

11000.00 

4900 

6.00 

81000.00 

16.00 

76.00 
90.00 

8.00 

880!6' 

9;6d 

67»"66'"* 

0.80 

6.00 

940 

0.60 

190.00 

6.00 

990.00 

44 

6.00 

990.00 

0.40 

900.00 

680 

0.40 

978.00 

0.06 

60.00 

46  940 

0.06 

9  968.00 

o.oe 

800.00 

176  440 

0.09 

8  688.80 

0.06 

176.00 

88  000 

0.06 

1900.00 

800.00 

900.00 
800.00 

4 
8 

1600.00 

100.00 

ioc.'oo 

800.00 

$166  891.00 

Add  to  this: 

$401  076.16 

Extra  wo 
Force  aoc 

Total. 
An  increase  o 

pk... 

88  887.17 

Dunt  work 

60988.14 

$606  806.47 

1 986X  OTer  the  pi 

ice  bid  by  the 

contractor. 

'See  p.  1064,  December,  1809,  Proceedings. 

tion  to  the  crying  evil  of  anbalanoed  bids,  and  it  has  been  a  crying 
•evil  on  the  canal  ever  since  1836,  the  committee  proposed  to  take 
Action  by  making  a  schedale  of  prices,  as  the  French  do,  in  which  the 
price  of  each  item  is  fixed,  and  then  allowing  the  contractor  to  bid 
either  a  discount  or  a  premium  on  those  fig^es.  This  would  apply 
to  all  figures;  thus,  if  the  price  of  earth  was  30  cents,  and  of  rock  90 
cents,  a  contractor  might  bid  a  discount  of  1%,  or  a  premium  of  2%, 
and  it  would  a£feot  both  the  earth  and  the  rook.  The  plan  proposed 
would  apparently  eliminate  all  trouble  caused  by  unbalanced  bids,  but 
it  would  be  without  influence  on  imperfect  specifications,  and  the  great 
expense  incurred  on  Section  No.  4  of  the  Middle  Dirision  was  caused 
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Ifr.  North,  by  imperfect  speoifioations  as  well  as  lack  of  engineering  knowledge 
in  handling  the  work.  The  case  was  atrocious.  The  contractors  bid 
$3  000  to  drain  6.3  miles  of  swamp.  Thej  were  allowed  to  close  the 
natural  watercourses  which  drained  into  the  canal  and  thereby  tnm 
the  swamp  into  a  pond.  They  knew  that  the  banks  were  soft  and  slip- 
pery, and  yet  they  were  allowed  to  surcharge  them  with  the  material 
excavated  from  the  canal. 

The  bottom  of  the  bank  on  the  berm  side  averaged  40  ft.  in  widths 
and  the  height  was  about  8  ft. ;  on  the  tow-path  side  the  dimensions 
were  somewhat  greater.  As  a  result  of  establishing  and  maintaining 
a  pond  of  water  behind  this  bank  it  was  impossible  to  excavate  the 
material  or  lay  slope  walls. 

Instead  of  holding  the  contractors  to  their  contract  they  were  given 
an  easement  of  more  than  946  000  in  the  items  of  digging  ditches,  and 
a  payment  of  $2  400  for  pumping. 

At  first  it  may  seem  somewhat  brutal  to  the  contractor  to  say  that 
he  should  have  done  his  work  at  the  price  bid,  but  the  case  of  the 
Chicago  Main  Drainage  Canal  might  be  cited,  where  contracts  were 
taken  with  somewhat  the  same  mental  attitude  as  that  of  the  con- 
tractors on  Section  No.  4.  When  the  contractors  said  they  wanted 
relief  they  were  told  that  no  relief  would  be  granted,  but  that,  as  their 
sureties  were  abundant  and  satisfactory,  if  the  work  was  not  done  by 
them,  it  would  be  done  by  the  Main  Drainage  Commission  and  paid  for 
by  the  sureties.  After  a  time  the  contractors  did  the  work,  and  not 
only  without  loss,  but  at  a  rumored  profit  of  about  50  per  cent.  In  rela- 
tion to  this  work,  the  engineers  of  the  Main  Drainage  Canal  said,  with 
pride  surely,  and  possibly  with  justification,  that  the  Chicago  con- 
tractors, paying  $1.60  for  their  poorest  workmen,  could  have  constructed 
the  North  Sea  and  Baltic  Canal,  for  which  the  German  engineers  paid 
75  cents  for  their  best  workmen,  and  have  made  more  money  thereon 
than  the  Germans. 

The  entire  science  of  handling  earth  and  rock  (quicksand  and  hard 
pan  being  included  with  earth),  has  been  advanced  more  materially 
by  the  attitude  assumed  on  the  Main  Drainage  Canal  than  by  any 
other  act  by  engineers,  directors  or  commissioners  during  the  preced- 
ing ten  or  fifteen  years.  The  speaker  thinks  that  if  the  State  Engineer 
had  said  to  the  contractor,  *'  You  are  worth  more  than  this  can  possibly 
cost,  and  I  will  take  the  last  cent  you  have  and  finish  that  work,'^ 
that  the  work  would  have  been  done  at  the  contract  price  without 
much  loss. 

The  literature  on  quicksand  is  not,  on  the  whole, voluminous,  and 
greatly  lacks  defining  power.  Mr.  Hazen's  discussion  probably  gives 
the  most  definite  information  on  record,  and  the  most  workable  theory 
for  quicksands  which  do  not  contain  clay.  But  it  is  immediately  seen 
that  a  sufficient  volume  and  velocity  of  uplifting  water  would  turn  a 
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boulder  bed  into  a  qtdoksand  for  the  time.  The  material,  howeyer,  Mr.  North, 
would  become  firm  immediately  on  the  withdrawal  of  the  upward 
current.  This  cannot  be  asserted  of  a  true  quicksand.  The  relations 
between  the  included  water  and  the  earth  are,  in  some  quicksands, 
mysterious,  and  while  all  quicksands  become  stable  when  dry,  others, 
particularly  those  containing  clay,  will  quake  after  they  are  apparently 
dry. 

The  late  Charles  L.  Mc Alpine,  M.  Am.  Soc.  C.  E.,  describes  a 
quicksand  of  the  last-mentioned  variety  very  fully  in  a  paper  read 
before  the  Society  in  1881.*    In  it  he  says: 

**  Although  its  name  conveys  the  idea  of  a  mass  of  sand,  surcharged 
with  water  until  it  becomes  *  auick,'  or  susceptible  of  easy  movement 
or  agitation,  suggesting  actual  life,  yet  engineers  know  only  too  well 
that  this  is  not  the  most  troublesome  member  of  the  family. 

'*  The  one  that  causes  the  most  trouble,  and  is  here  treated  of,  is 
an  argillaceous  material  containing  no  silex  or  grit,  comminutes  com- 
pletely, and  is  usually  leaden  in  color  in  its  natural  state,  and  nearly 
white  when  thoroughly  deprived  of  water. 

<*  So  free  is  it  from  sand  that  it  can  be  used  with  good  effect  in 
polishing  or  cleaning  silver  and  the  softer  metals. 

******** 

<'  As  far  as  possible,  all  traveling  over  the  surface  while  being  thus 
ditched  was  prevented,  as  it  as^tated  the  material,  and  caused  it  to 
retain  the  water  more  obstinately. 

**  After  a  night's  quiet  rest,  and  the  great  withdrawal  of  water 
through  the  ditches,  the  surface  was  in  good  condition  for  excavating 
and  the  material,  in  the  words  of  the  workmen,  would  then  <  shovel 
like  ashes.' 

******** 

"  Care  should  always  be  had  to  withdraw  the  men  and  teams  at 
once  from  any  place  wnich  indicates  that  it  is  again  becoming  *  quick,' 
from  the  disturbing  effect  of  repeated  traveling  over  its  surface. 

**  Nothing  is  gained  by  working  longer,  when  this  important  ques- 
tion of  rest  in  involved. 

******** 

"A  lump  of  this  quicksand,  apparently  dry,  may  very  often  be 
made  *  quick  '  by  a  little  agitation  alone. 

**  Hard  and  apparently  dry  lumps  will  often  become  wet  and  pasty 
on  their  way  to  the  dumping  ground,  so  much  so  as  to  require  addi- 
tional labor  to  remove  them  from  the  carts." 

That  all  of  the  above  did  not  preclude,  in  Mr.  McAl pine's  mind, 
such  quicksand  as  specified  by  Mr.  Hazen,  is  shown  by  the  following 
quotation  : 

**  It  may  be  assumed  generally  that  the  special  mobility  of  such 
sands  depends  upon  the  presence  of  water  filling  the  interstices  of  the 
mass.  The  mass  yields  to  pressure  in  conformity  to  the  laws  of 
liquids  or  semi-fluids,  varying  with  the  degree  of  quickness.  The 
degree  of  quickness  depends  upon,  first,  the  gravity  of  the  sand;  second, 
upon  the  smoothness  of  the  surface  of  the  particular  grains  of  sand ; 
and  third,  upon  the  abundance  of  the  water  present  with  it." 

*  TranMcUons^  Am.  Soc.  C.  £.,  Vol.  x,  page  876. 
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Mr.  North.  Mr.  MoAlpine  may  hare  misnamed  the  material  qnoted,  but  many 
engineers  haye  met  with  something  very  like  it,  and  it  is  generally 
called  qnioksand. 

While  it  cannot  be  donbted  that  qnicksand  may  be  entirely  free 
from  clay,  like  the  samples  referred  to  by  Mr.  Hazen,  it  seems  equally 
certain  that  sand,  in  the  usual  acceptance  of  the  term,  may  be  wanting, 
or  that  clay  which  on  drying  becomes  hard  and  resonant  when  struck 
can  be  washed  from  some,  if  not  many,  samples  of  quicksand. 
Kr.  Owen.  James  Owen,  M.  Am.  Soc.  C.  E. — The  speaker  has  held  ideas  on 
the  difference  between  ordinary  sand  and  quicksand,  which  can  prob- 
ably be  illustrated  best  by  a  comparison  between  a  pile  of  loose  rock, 
as  the  ordinary  sand,  and  a  pile  of  cobblestones,  as  the  quicksand. 
That  is,  quicksand  is  merely  rounded  sand,  water-worn  or  air-worn, 
and,  while  Mr.  Landreth  has  made  a  distinction  by  including  a  pro- 
portion of  clay,  Mr.  Hazen  seems  to  have  ignored  that  classification. 

Some  years  ago  the  speaker  was  asked  to  report  on  a  foundation  for 
a  siK-story  building,  of  which  a  large  proportion  of  the  weight  Was  to 
be  concentrated  upon  one  column.  Sand,  which  was  thought  to  be 
quicksand,  had  been  encountered  in  the  excavation,  and  it  was  a  ques- 
tion as  to  whether  or  not  it  would  be  safe  to  place  a  large  mass  of 
concrete  on  it.  After  examining  the  sand  the  speaker  reported  that  it 
was  the  ordinary  wedge-shaped,  sharp-edged  sand,  and  that  there  was 
no  fear  of  any  flow.  The  building  was  erected,  and  no  settlement 
occurred.  If  the  speaker  had  found  that  the  grains  were  rounded,  he 
would  not  have  dared  to  put  the  structure  on  it. 

To  classify  quicksand  in  any  other  way  than  by  the  rounded  char- 
acter of  its  particles  opens  the  field  of  speculation,  and  clouds  some- 
what the  broad  definition  upon  which  engineers  have  depended  for 
a  number  of  years.  For  this  reason  the  speaker  believes  that  it 
would  be  well  to  determine  now  the  difference  between  quicksand 
and  ordinary  sand. 

The  principle  of  the  Wedge-shaped  sand  is  very  forcibly  illustrated 
by  the  practice  of  the  French  engineers  in  building  one  of  the  bridges 
over  the  Seine.  The  ends  of  the  centers  of  the  bridge  were  supported 
on  large  boxes  of  sand.  The  boxes  had  loose  tops,  and  the  longitudinal 
frames  of  the  centers  rested  thereon.  There  was  a  faucet  at  the  side 
of  each  box,  and,  when  the  centers  were  to  be  struck,  they  simply 
opened  each  faucet  and  the  sand  flowed  out  slowly  with  a  certain 
velocity.  By  this  means  the  centers  were  lowered  very  carefully  and 
without  shock  to  the  structure. 

The  sand  used  was  the  ordinary  cubical  sand,  and  the  vertical 
pressure  had  no  effect  on  the  flow.  The  sand  fell  on  account  of  its 
own  gpravity  alone.  If  the  sand  grains  had  been  of  rounded  form, 
they  would  have  flowed  out  with  a  velocity  due  to  the  pressure  upon 
them. 
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Geobob  Bjjul,  M.  Am.  Soc.  0.  K — Some  years  ago,  in  excavating  Mr.  HiU. 
for  the  f onndations  for  the  Mail  and  Express  Bxulding,  in  New  York  City, 
the  speaker  encountered  an  extremely  fine  micaceous  sand,  designated 
by  the  contractor  as  quicksand.  It  was  ascertained  that  the  Western 
Union  Building,  adjoining,  was  founded  on  soil  of  the  same  character, 
and  that  the  foundations  were  sustaining  safely  a  load  of  about  3f  tons 
per  square  foot.  On  the  site  of  the  latter  building  there  were  driven 
wells  which  had  been  used  for  water  supply  some  years  previously. 
After  pumping  for  a  short  time  the  water  began  to  appear  slightly 
cloudy,  and  the  building  began  to  settle.  When  the  pumping  was 
stopped,  the  building  stopped  settling. 

The  pressure  on  the  foundations  of  the  Mail  and  jETa^e^n  Building  is 
about  3}  tons  per  square  foot,  and  the  building  is  standing  satisfac- 
torily. There  was  on  initial  settlement,  uniform  throughout  the  entire 
building,  of  about  f  in.,  compressing  the  top  sand,  after  which  there 
was  no  further  movement. 

Within  a  year  thereafter  the  speaker  designed  the  foundation  for  the 
Pierce  Building,  with  unit  loads  of  6  tons  per  square  foot,  standing  on 
a  mixed  gravel  and  sand  with  rounded  edges,  about  18  ins.  below  the 
water-line,  and  with  no  egress  for  the  water.  That  building  stood 
satisfactorily,  without  any  settlement. 

Some  years  later,  the  Exchange  Court  Building  on  lower  Broad- 
way was  erected,  the  excavations  being  carried  about  5  ft.  below  the 
water-line.  The  character  of  the  sand  above  the  water-line  was  iden- 
tical with  that  at  the  Mail  and  Express  Building.  As  the  excavation 
was  carried  below  the  water-line,  the  sand  began  to  flow  in,  in  spite  of 
rather  carefully  driven  sheet- piling  for  the  foundation  pits,  the 
rapidity  of  the  flow  increasing  with  the  depth.  In  one  of  the  pits, 
about  6  ft.  square,  nearly  a  cubic  yard  of  sand  came  in  during  the 
night. 

It  seems  to  the  speaker  that  Mr.  Hazen's  definition  of  quicksand  is 
more  nearly  correct  than  that  in  common  use  in  New  York  City,  but 
errs  in  omitting  recognition  of  the  qualification  that  it  is  not  quicksand 
unless  there  is  a  vent  for  the  water.  That  is,  a  material  may  pos^egs  all 
the  elements  of  quicksand,  and  yet  be  perfectly  stable  and  safe  to  use 
for  foundations  until  a  vent  is  provided  for  it.  If  such  a  material  is 
called  quicksand,  the  owner  imagines  that  the  building  must  sink  into 
it,  is  alarmed,  and  harm  is  done;  if  a  proper  design  is  adopted  for  the 
foundation  the  material  is  not,  and  probably  never  will  be,  quicksand. 
Any  sand  which  is  fine  is  called  quicksand  by  contractors,  and  they 
invariably  claim  that  it  contains  loam.  By  mixing  with  water, 
shaking  up,  and  drawing  the  water  off,  the  speaker  has  tried  to 
ascertain  whether  or  not  there  actually  was  any  loam  or  clay  in 
much  of  the  material  called  quicksand,  but,  so  far  as  he  has  been 
able  to  see,  there  is  no  day,  but  the  sand  is  very  fine.     The  mica- 
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Mr.  HOI.  oeoas  sand  is  excellent  for  foundation  purposes,  and,  although  slightly 
compressible,  is  absolutely  safe  if  there  is  no  yent  for  it.  If  water  is 
present  and  there  is  an  opportunity  for  it  to  flow  off,  even  though 
there  may  not  be  an  excess  of  moisture,  the  material  will  flow. 

Mr.  Tait.  J.  G.  Tatt,  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  is  pleased  that 
the  discussion  has  avoided  the  canal  portion  of  Mr.  Landreth's  paper, 
and  has  brought  out  the  interesting  discussion  on  quicksand.  The 
speaker  wishes  to  correct  any  false  impression  which  Mr.  North's  re- 
marks might  convey  to  any  member  not  familiar  with  the  contracts 
and  specifications  of  the  99  000  000  canal  improvement.  Mr.  North 
states  that  the  contractor  got  946  000  extra  for  bailing  and  draining, 
which  he  should  have  been  made  to  do  for  the  original  bid  of  93  000. 
The  946  000  was  paid  to  the  contractor  at  the  very  low  excavation  price 
of  27}  cents  per  cubic  yard  for  material  removed  in  a  swamp  when 
constructing  side  ditches  at  a  loss,  and  these  should  have  been  esti- 
mated originally  by  the  engineer,  therefore  this  sum  was  not  a 
present. 

There  was  a  great  deal  of  extra  work  on  this  contract,  which  should, 
and  usually  does,  represent  some  profit,  but  the  sub-contractors,  who 
got  these  supposed  benefits,  are  bankrupt  to-day.  The  unusually 
good  quality  of  the  work  done,  the  f a^^ors  demanded  of  the  contractor, 
and  the  final  non-payment  for  work  done,  through  selfish,  incom- 
petent State  officials,  made  the  Erie  Canal  experience  very  costly  for 
the  majority  of  the  contractors. 

The  competition  in  contracting  to-day  causes  very  low  prices,  and 
in  a  lengthy  or  obtuse  specification,  a  contractor,  to  get  the  work, 
has  to  take  the  cheapest  interpretation  of  what  he  is  to  be  required  to 
do,  and  bid  accordingly.  Nearly  all  the  contractors  with  whom  the 
speaker  is  acquainted  are  men  who  will  accept  the  loss  due  to  a  mis- 
interpretation, and  who  will  do  the  work  required  by  the  specifica- 
tions and  contract,  but  when,  in  a  contract  calling  for  thirty-nine 
items,  one  alone  of  which,  in  a  total  of  9154  000,  increases  from  93  000 
to  949  000,  and  is  decidedly  the  fault  of  the  contract  and  plans,  the 
speaker  cannot  understand  how  an  honest  or  fair-minded  man,  par- 
ticularly one  familiar  with  all  the  conditions,  can  state  that  the  con- 
tractor should  have  been  made  to  do  this  enormous  necessary  amount 
of  extra  work  for  nothing. 

Instead  of  taking  from  or  injuring  a  contractor  who  has  so  much 
with  which  to  contend,  the  engineer  and  contractor  should  both  work 
together  for  the  good  of  the  work,  the  engineer  seeing  that  he  gets 
his  money's  worth,  but  at  the  same  time  not  using  his  power  to  get 
something  for  nothing,  an  old-time  policy  not  followed  by  all 
engineers. 

Quicksand,  with  which  the  speaker  has  had  considerable  experience 
during  the  past  twelve  years,  is  such  a  bugbear  that  when  contractors 
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enoonnter  any  kind  of  moist  sand  it  is  qnite  natural  for  them  to  call  it  Mr.  Taiu 
quicksand,  as  Mr.  Hill  remarks. 

Any  sand,  even  the  sharp  angxQar  kind,  wiU  mn,  even  if  is  nnder  a 
head  of  only  one  foot,  but  if  it  contains  no  clay,  or  if  the  grains  are 
not  rounded,  it  can  be  controlled  readily  by  sheeting  and  pumping. 
On  the  other  hand,  if  the  sand  is  fine  and  rounded  and  contains  clay, 
great  trouble  is  experienced.  Even  in  cases  where  the  sheeting  is 
driven  far  below  the  bottom  of  the  excavation,  this  material  may  rise 
in  the  center  and  cause  the  sides  of  the  excavation  to  cave  in,  thus 
producing  excessive  or  unbalanced  pressures  on  the  sheeting. 

Samuel  Whineby,  M.  Am.  Soc.  G.  E.— It  would  be  very  desirable,  Mr.  Whlnery. 
if  it  were  possible,  to  have  a  correct  and  comprehensive  definition  of 
quicksand,  but  the  speaker's  experience  has  been  (and  he  thinks  it  is 
the  experience  of  many  others),  that,  after  settling  upon  what  seemed 
at  the  time  to  be  the  proper  definition,  the  very  next  case  is  likely  to 
contradict  it  entirely. 

During  the  construction  of  a  railroad  in  Western  Indiana,  some  30 
years  ago,  in  making  a  cut  not  far  from  a  stream,  but  well  above  its 
water  level,  quicksand  was  encountered  by  the  plows  and  scrapers 
and  stopped  the  work  at  that  point.  In  investigating  in  a  rude  way 
it  was  found  that  10-ft.  fence  rails  could  be  pushed  down  for  their 
full  length  quite  readily  without  reaching  the  bottom  of  the 
quicksand. 

The  sand  was  very  fine,  and  was  almost  free  from  any  admixture 
of  clay  or  other  foreign  matter.  Apparently,  there  was  no  possibility 
of  the  existence  of  the  conditions  to  which  Mr.  Hazen  refers,  that  is, 
of  its  being  buoyed  up  by  a  rising  current  of  water.  It  is  true,  the 
sand  was  filled  with  water,  but  this  water  wap,  apparently,  in  a 
quiescent  state.  There  were  no  springs  known  to  exist  in  the  vicinity. 
The  depth  of  the  deposit  was  not  ascertained,  but  it  seemed  to  be  con- 
tained in  a  pocket  surrounded  by  impervious  clay.  The  case  was 
dealt  with  by  beginning  the  excavation  at  the  lower  end  of  the  cut, 
where  the  grade  was  lower,  and  working  up  the  grade  with  deep  side 
ditches  until  the  deposit  was  reached.  The  water  in  the  sand  then 
drained  out,  the  material  became  quite  hard,  and  was  then  excavated 
with  plows  and  scrapers.  The  sides  of  the  cut  were  dressed  to  the 
usual  slope,  and  they  have  stood  quite  satisfactorily  ever  since. 

L.  J.  Lb  Conte,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  full  Mr.  Le  Conte. 
of  information  not  often  found  in  prin  t.     Engineers  are  generally  chary 
about  publishing  accounts  of  their  troubles  in  practice,  and  rightly  so, 
becanse  the  irresponsible  critic  is  the  most  active  of  all. 

When  working  in  treacherous  ground,  such  as  described  in  the 
paper,  the  engineer  is  often  at  his  wits'  end  to  know  the  best  way  to 
meet  existing  conditions.  In  many  instances  it  seems  as  if  Nature 
took  a  malicious  delight  in  defying  all  *the  requirements  of  the  best 
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Mr.  Le  Oonte.  laid  planB  and  speoifloations,  based  on  the  moBt  tmBtworthj  infor- 
mation. 

The  troubles  depicted  so  graphically  J)  j  the  author  excite  the  in- 
terest and  sympathy  of  any  engineer  who  has  had  the  misfortune  to  be 
canght  in  such  a  trying  position.  The  simple  and  effective  methods 
adopted  to  overcome  local  obstacles  are  certainly  highly  commendable. 

The  laws  of  hydraulics  and  hydrostatics  have  been  well  developed 
by  experimental  investigators,  but  the  laws  governing  the  dynamics 
and  statics  of  mud  have  yet  to  be  formulated  in  practical  shape.  In 
June,  1826,  at  '* Chat-Moss"  on  the  Liverpool  and  Manchester  Bail- 
road,  4  miles  of  embankment  cost  nearly  $160  000,  and  took  7  months 
to  complete.  The  indomitable  pluck  and  fcireless  energy  of  the  en- 
gineer, George  Stevenson,  prevailed  finally  and  left  a  monument  to  his 
name. 

The  writer  was  interested  in  a  case  which  was  particularly  trying, 
and,  at  first  sight,  seemed  to  be  impossible  of  solution. 

A  proprietor  desired  to  improve  a  tract  of  marginal  marshland  by 
raising  it  well  above  the  effects  of  tide  water  in  a  lake.  The  marsh- 
land was  underlaid  by  plastic  blue  mud  which  rested  upon  a  solid 
bed  of  yellow  clay  hardpan,  the  latter  having  a  natural  slope  of  about 
13%  toward  the  lake.  The  mud,  at  high-water  bne,  was  about  40  ft. 
deep,  making  the  outlook  rather  unfavorable.  The  case  was  compli- 
cated still  further  by  the  proximity  of  a  deep-water  channel  and  a 
system  of  tidal  sluice  gates  in  front  of,  and  parallel  to,  the  shore  line. 
This  channel  could  not  be  incroached  upon  by  pushing  out  the  marsh 
mud  under  the  pressure  of  the  proposed  new  filling.  The  problem 
was,  nevertheless,  solved  successfully  as  follows: 

First — A  trench  4  ft.  x  12  ft.  wide  was  excavated  along  the  irregu- 
lar line  of  high  water  or  outer  edge  of  the  marshland.  The  material 
taken  out  was  deposited  on  the  edge  of  the  trench  next  to  the  high 
land,  the  top  width  of  the  bank  being  sufficient  for  two  runways  for 
wheelbarrows. 

Second. — The  work  of  filling  in  with  heavy  sandy  material  was  then 
begun  at  and  along  the  segregation  line,  advancing  gpradually  toward 
the  lake.  As  the  filling  progressed,  of  course,  settlement  commenced, 
and  the  material  in  the  bottom  of  the  trench  began  to  spring  up.  A 
force  of  100  laborers  and  excavators  had  all  they  could  do  to  excavate 
and  remove  the  material  from  the  rising  bottom  as  fast  as  it  came  up. 
This  process  was  continued  until  the  entire  marshland  was  filled  in 
solid  down  to  hardpan,  and  all  settlement  had  stopped.  It  is  a 
notable  fact  that  the  total  yardage  thus  taken  out  from  the  bottom  of 
the  trench  was  approximately  the  same  as  the  total  yardage  of  heavy 
material  in  the  filling  below  the  level  of  the  marshland,  namely,  some 
140  000  cu.  yds. ,  and  yet,  after  the  completion  of  operations,  the  di- 
mensions of  the  trench  were  the  same  as  in  the  beginning. 


Digitized 


byGoogk 


Papen.]      DISOUSSIOK  ON  JOBDAN  LBVBL,  BBIB  OANAL.  459 

It  wonld  appear,  therefore,  that  the  trench  simply  afforded  a  Mr.  Le  Oonte. 
natural  vent  for  the  esoape  of  imprisoned  mnd  compressed  bj  the 
freight  of  the  adyanoing  filling  deposited  on  the  marshland.  By  this 
means  these  lands  were  filled  in  successfnlly  without  crowding  the 
mud  into  the  channel-way  in  front  of  the  property  to  any  appreciable 
extent. 

OuFFOBD  BiOHABDBOM,  Assoc.  Am.  Soo.  G.  E.  (by  letter). — It  may        Mr. 
be  of  interest,  in  connection  with  the  discussion  of  the  subject  of  ^ 

quicksands,  to  present  some  data  in  regard  to  the  actual  size  of  the 
particles  in  several  such  sands  which  have  recently  been  examined  in 
the  New  York  Testing  Laboratory  by  the  writer. 

These  sands  were  from  the  following  sources: 

No.  SotTRCB. 

NATIOMAL  OOMTBAOTDfO  Co.,  BO0TOM,  MlBS. 

11 541       NepoDflet  Valley  Sewer,  Section  86,  Station  8  +  00. 

**  When  wet,  extremely  difficult  to  handle." 
11 648       Neponeet  Valley  Sewer,  Section  80,  Station  8  +  80. 

^'  Found  under  peat.    Very  troubleeome  to  excavate,  and  difficult 
to  hold  trench  in  line  and  grade." 
11 544       Neponaet  VaUey  Sewer,  SecUon  86,  Station  1  +  87. 

'*  Very  difficult  to  handle.    Squeeaee  trench  badly. " 

H.  P.  Eddt,  SupmuyTJWDEHT  of  Sewbrs,  Wobobstkr,  Mabs. 
80  788      Greene  Street  Sewer  ] 

80704  *"  ''  I  see  T^  £ni^neeHna  l^ecord,  March 84th,  1900. 

80785  "  "  J 

For  comparison  with  these  sands,  the  finest  ground  limestone  pro- 
duced in  a  Danish  tube  mill,  all  of  which  passed  a  200-mesh  sieve,  was 
examined. 

The  sands,  Nos.  11  541,  11  542  and  30  725,  under  the  microscope, 
were  seen  to  be  very  clean,  and  to  be  made  up  of  extremely  sharp  grains 
with  no  clay.  Sands  Nos.  11  544,  30  723  and  30  724  were  equally 
sharp,  but  carried  a  small  amount  of  clay,  amounting  to  less  than  1%, 
and  not  subsiding  from  water  in  a  week. 

The  voids  in  the  hot  sand,  compacted  thoroughly  in  a  100-c.  c. 
oylinder  by  shaking  and  tamping,  were  determined,  where  sufficient 
material  was  available,  and  from  them  the  volume- weight  per  cubic 
foot.  These  sands  were  finally  sifted  on  sieves,  and  elutriated  by  the 
beaker  method.  In  this  way  they  were  divided  into  grades  of  particles 
of  different  sizes.     The  results  are  shown  in  Table  No.  5. 

Sand  No.  11  541  has  a  wide  variation  in  the  size  of  its  particles; 
consequently,  it  has  low  voids  and  high  volume-weight.  Sand  No. 
11  542  would  probably  show  like  characteristics,  but,  with  a  somewhat 
wider  grading,  somewhat  lower  voids.  Each  of  these  sands  contains  a 
very  considerable  amount  of  grains  of  high  hydraulic  value,  as  do  the 
Worcester  sands,  Nos.  80  723  and  30  724,  with  voids  much  like  those 
of  sands  used  in  ordinary  mortar --36. 7  and  34.7  per  cent. 
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Richardson. 


The  most  interesting  sands  are  the  two  extremely  fine  ones,  Nob. 
11  544  and  30  725.  They  are  of  very  uniform  grading,  the  majority  of 
tbe  particles  being  of  sizes  within  very  narrow  limits.  The  resulting 
voids  are,  in  consequence,  what  are  usually  found  under  such  circum- 
stances, about  40  per  cent. 

TABLE  No.  5. 


Nob. 

11  641 

11  642 

11  644 

80  788 

80  7M 

80  786 

Finest  pround 
limestone. 

Voidfl  in  hot  compacted  sand 

WeUrht    per  cubic  foot,  in 

pounds 

89.8V 
117.2 

40.8V 
99.1 

86.7V 
106.8 

84.7V 
106.1 

89.8V 
100.4 

Sieve. 

Diameter,  in 
millimeters. 

0.086 

0.006 

0.09 

0.17 

0.88 

0.81 

O.fiO 

0.67 

1.00 

8.00 

8.00 

19.8V 

7.9J^ 

IS.ftV 

84.0V 

11. ov 

7.0V 

l.OV 

l.OV 

11.8V 
14.8V 
19.6V 
88.0V 
8.0V 
16.0?; 
4.0V 
8.0V 
8.0V 

a5.6V 

18.7V 

17.8V 

8.0V 

l.OV 

47.8V 

19.6V 

11.2V 

18.0V 

4.0V 

8.0V 

l.OV 

l.OV 

11.6V 
11.4V 
9.0V 
89.0V 
18.0V 
lO.OV 
8.0V 
8.0V 
l.OV 

79.7V 
9.5V 
9.8V 
l.OV 

68.5V 

17.7V 

200 
100 

18.8V 

80 
60 

40 

80 
80 

10 
Oreater  than 

l.OV 
2.0  V 

The  sizes  of  the  grains  of  these  sands  are  smaller  than  those  in  the 
ground  limestone  dust,  that  is  to  say,  than  the  finest  Portland  cement. 

Mr.  Hazen's  claim  that  quicksand  depends  more  for  its  peculiarities 
upon  the  size  of  the  particles  and  upon  their  small  hydraulic  value 
than  upon  any  other  characteristics,  round  shape  of  grain,  presence  of 
clay,  etc.,  seems  to  be  confirmed. 

It  would  be  of  interest  to  examine  the  quicksands  encountered  in 
the  Erie  Canal  in  the  same  way,  and  the  writer  would  be  glad  to  do  so 
if  samples  from  that  locality,  and  from  any  others  where  such  sands, 
are  met,  can  be  furnished. 
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THE  EXACT  DESIGN   OP  STATICALLY  INDETER- 
MINATE FRAMEWORKS.   AN  EXPOSITION  OF 
ITS   POSSIBILITY,   BUT   FUTILITY. 

Discussion.* 


By  Messrs.  H.  Goij>icabk,  Gustav  Linbenthaii,  C.  W.  Bitteb,  W.  Dietz, 
Joseph  Sohn,  G.  Juno  and  F.  H.  Celley. 


Henry  Goldmabk,  M.  Am.  Soc.  C.  E.  —  In  this  interesting  paper,  Mr.  Goldmark. 
the  anther  applies  the  well-known  principle  of  Virtnal  Velocities  to 
a  study  of  the  stresses  and  deflections  in  trusses  with  redundant  mem- 
bers and  other  structures  not  statically  determinate. 

As  the  result  of  his  investigation,  he  arrives  at  the  conclusion  that 
such  constructions  show  no  advantage,  either  in  economy  of  material 
or  in  rigidity,  over  the  simpler  determinate  forms,  while  even  the  best 
methods  for  computing  their  stresses  are  extremely  laborious  and  of 
doubtful  accuracy. 

He  therefore  recommends  that  all  indeterminate  forms,  such  as 
trusses  with  a  multiple  web  system,  continuous  girders,  arches  with 
less  than  three  hinges,  suspension  bridges  with  continuous  stiffening 
girders,  etc. ,  should  be  abandoned  entirely  in  practice. 

As  to  the  method  of  computation  which  he  has  used  (that  of  Yir- 

*  This  discussion  (of  the  paper  by  Frank  H.  Cilley,  S.  B. .  printed  in  the  Proceedings 
for  October,  1899),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be 
brought  before  all  Members  of  the  Society  for  further  discussion.  (See  rules  for 
publfcation.  Proceedings^  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  May  86th,  1900,  will  be  printed 
In  a  later  number  of  Proceedings^  and  subsequently  the  whole  discussion  will  be 
publii^ed  in  Transactions. 
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Mr.  Qoidmark.  toal  Yelooities  or  Least  Work),  he  considers  the  amotint  of  nnmeri- 
oal  labor  inyolved  so  great  as  to  make  the  method  practioallj 
valueless. 

While  the  speaker  is  by  no  means  an  advocate  of  complex  tmss 
forms  where  there  is  no  good  reason  for  using  them,  he  is  fully  satis- 
fied that  there  are  many  cases  in  practice  where  these  tabooed  forms 
give  by  far  the  best  results. 

As  a  matter  of  fact,  the  simplicity  of  the  strain  sheet  is,  in  many 
<Hbses,  by  no  means  a  proper  criterion  as  to  the  excellence  of  the  design. 
Thus,  in  railroad  bridges  of  moderate  length,  the  tendency  of  late  years, 
as  the  result  of  actual  experience,  is  away  from  the  "ideal"  single- 
intersection  bridge  with  alleged  frictionless  pins.  Such  spans  are 
now  almost  universally  built  with  riveted  connections,  and,  in  many 
oases,  with  multiple  systems  of  webbing.  Even  in  larger  bridges,  the 
fioor  system  is  almost  invariably  riveted  between  the  posts,  though 
the  transference  of  loads  to  the  main  trusses  is  thus  made  less  direct. 
In  all  these  cases  intricate  secondary  stresses  are  introduced,  but  the 
advantages  obtained  are  believed  to  counterbalance  this  theoretical 
drawback. 

In  the  case  of  the  larger  arches  and  suspension  bridges  the  intro- 
duction of  hinges  at  the  center  is  properly  considered  to  break  the 
continuity  of  the  floor  system  and  wind  bracing,  to  add  to  the  compli- 
cation of  the  details,  and  in  all  probability  to  decrease  the  rigidity  of 
the  whole  bridge  under  moving  loads. 

It  is  true  that  the  absence  of  hinges  makes  the  computation  of 
stresses  more  difficult  and  somewhat  less  certain,  but  it  is  believed  that 
with  the  homogeneous  material  now  used,  and  the  excellent  workman- 
ship of  our  shops,  perfectly  safe  structures  can  be  built  without  any 
excessive  cost.  Besides  this,  there  is,  in  the  speaker's  mind,  little 
doubt  that  even  the  best  designed  hinges  orpins  can  hardly  be  counted 
upon  to  act  as  theory  requires. 

But  besides  such  bridge  forms  as  those  above  mentioned,  in  which 
the  designer  is  at  liberty  to  choose  between  so-called  determinate  and 
indeterminate  forms,  there  are  many  engineering  structures  which  are, 
of  necessity,  of  a  complex  nature.  Such  are  the  frame  works  for  the 
enclosing  oi  large  shops  and  auditoriums,  in  which  the  roof  trusses 
and  the  steel  posts  which  support  them  are  connected  by  knee-braces  or 
other  connections,  and  many  forms  of  cranes  and  derricks;  further- 
more, metallic  gates  for  canal  locks,  as  well  as  ship  caissons  for  dry 
docks  and  harbor  works.  In  all  these  constructions  some  method  of 
computing  indeterminate  stresses  is  desirable. 

In  such  cases,  as  well  as  for  computing  bridge  stresses,  the  speaker 
has  found  the  Method  of  Virtual  Displacements  (Method  of  Least 
Work)  of  great  value,  while  he  has  not  found  it  excessively  laborious, 
particularly  if  it  is  used  as  a  means  of  devising  approximate  methods 


Digitized 


byGoogk 


Fapen.]    DIS0US8I0N  ON  INDSTBBMINATE  FBAMEWOBKS.  463 

of  sufficient  exactness  in  each  case  rather  than  for  oompnting  indi-  Mr.  Goldinart. 
vidual  designs. 

A  brief  reference  to  the  bibliography  of  this  method  of  computation 
may  be  of  some  interest. 

The  first  application  of  the  principle  of  Virtual  Velocities  to  the 
determination  of  deflections  and  stresses  in  frameworks  is  commonly 
ascribed  to  Clerk  Maxwell,  whose  paper  embodying  this  method  ap- 
peared in  the  Fkilasophioal  Magazine  for  1864.  The  same  theorem,  in 
a  slightly  different  form,  was,  however,  used  independently,  to  solve 
problems  of  this  class,  by  M.  Men^hea,'  in  1868,  and  Professor  Lam6,^ 
in  1866. 

The  further  systematic  development  of  the  method  is,  however, 
due  mainly  to  German  writers.  The  earlier  articles  of  Professors  Mohr' 
and  Winkler^  gave  an  application  of  the  method  to  a  variety  of 
structures,  such  as  continuous  girders,  trusses  with  multiple  web 
systems,  arches  with  less  than  three  hinges,  etc.  The  most  complete 
exposition  of  the  more  recent  German  methods,  however,  is  given  in 
the  works  of  Professor  H.  MiiUer-Breslau,  of  Berlin.  His  special 
treatise^  on  the  subject  the  speaker  has  found  of  great  assistance  in 
practice,  and  he  would  consider  an  English  translation  of  much  value 
for  American  engineers. 

Beference  should  also  be  made  to  a  monograph^  in  French,  by  the 
late  M.  Castigliano,  a  young  Italian  engineer  of  gpreat  promise,  who 
gives  a  very  elegant  analysis  of  the  *' Method  of  Least  Work,*' with 
many  applications. 

In  the  English  language,  the  valuable  paper  by  George  F.  Swain,  M. 
Am.  Soc.  0.  £.,  published  in  1888,^  is  the  only  extended  article  on  this 
subject  known  to  the  speaker,  though  brief  expositions  are  given  in 
some  textbooks  on  applied  mechanics.^  Mr.  Cilley  has  therefore  con- 
ferred an  obligation,  on  English-speaking  engineers,  by  his  interesting 
study  on  the  subject. 

GusTAv  LiNDENTHAii,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  a  Mr.Lindentbal. 
contribution  to  the  old  controversy  as  to  whether  or  not  statically 
determinate  structures  are  superior  to  statically  indeterminate  ones, 
and  is  a  scholarly  attempt  on  the  affirmative  side  of  the  question. 

Mr.  Cilley,  like  others  before  him,  advances  as  principal  reasons 
in  favor  of  determinate  designs,  their  alleged  economy,  the  greater 
certainty  of  their  calculation,  and  the  greater  accuracy,  therefore,  in 
the  dimensioning  of  the  cross-sections. 

^  Comptes  Rendus,  1868«  Vol.  xlvi,  p.  1066. 

*  ''  Le9ons  sur  la  Th6orie  Mathemstique  d'ElasticiU  des  Corps  SoUdes." 

*  ZeitKhrift  dea  Architekten  und  Ingenieur  Vereina  »u  Hannover^  1874  and  1876. 

*  Zeitschrift  des  Architekten  und  Ingenieur  Vereina  zu  Hannover^  1879. 
"  *'  Die  neueren  Methoden  der  Festigkeitslehre."    Berlin. 

*  ''Th6orieder£quUibre  dee  Corps  SoUdes.''   Turin,  1879. 

'  Journal^  Franklin  Institute,  February,  March  and  April,  1888. 

*  CotterUl, ''  Applied  Mechanics,''  p.  661. 
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Mr.Llndenthai.  Granting,  that  the  last  two  argaments  have  much  to  commend 
them,  it  is  nevertheless  true,  as  regards  economy,  that  diminutive  dif- 
ferences in  weight  of  metal,  as  shown  by  strain  sheets  of  one  and  an- 
other type,  will  rarely  be  the  sole  deciding  element  in  the  choice  of 
designs.  Other  considerations  than  mere  economy  of  metal  inflaence 
greatly  the  cost  and  merit  of  a  stmctnre.  But  in  any  case,  strain 
sheets  to  be  comparable  should  be  complete,  and  include  all  strains 
•  which  a£fect  the  sections.  This  does  not  seem  to  the  writer  to  be  the 
case  with  the  strain  diagrams  in  the  paper.  Before  indicating  in  what 
the  incompleteness  is  believed  to  consist,  the  preliminary  question  is 
justified : 

**  On  what  theoretically  equivalent  basis  (aside  from  same  length  of 
span  and  moving  load],  should  a  comparison  of  the  economy  of  deter- 
minate with  indeterminate  arch  tjrpes  be  made  ?  Should  it  be  on  the 
basis  of  the  same  figure  of  inclusion,- as  the  author  has  done,  or  on  the 
basis  of  congruous  equilibrium  polygons  under  some  assumed  load,  as 
would  undoubtedly  be  the  case  for  ribbed  arches,  or  for  suspension 
bridges,  which  are  nothing  but  inverted  arches?  " 

The  short  span  of  primitive  figure,  chosen  by  the  author  with  only 
10,  respectively  11,  members  in  the  frame,  serves  to  illustrate  the  great 
labor  of  a  detailed  analysis  for  each  member  of  the  indeterminate  arch; 
but  in  all  other  respects  it  is  misleading.  .If  the  diagrams  of  the  two 
types  were  each  enlarged  from  4  to,  say,  40  panels,  then  the  determi- 
nate figure  of  the  author  would  become  the  form  known  as  the  Eads 
arch,  for  which  a  certain  depth  at  the  quarter  is  economic,  and  the  in- 
determinate figure  would  become  a  sickle  arch,  for  which  another 
depth  at  the  center  is  economic.  The  enlarged  diagrams,  however, 
would  no  longer  have  the  same  figure  of  inclusion.  Only  one  chord, 
namely  the  upper  one,  would  coincide  in  both,  but  that  is  not  enough 
to  furnish  equivalent  conditions  of  economy. 

Suppose  a  comparison  were  made  between  single  (determinate)  and 
continuous  (indeterminate)  trusses.  Obviously,  we  would  start  out 
with  the  same  ratio  of  height  to  span  (at  center  of  span)  for  each  kind, 
and  compare  the  strain  sheets  and  material  required  for  them  on  that 
basis,  to  come  to  a  correct  conclusion  of  their  economy.  Similarly,  a 
comparison  of  arches  will  have  to  proceed.  We  cannot  compare  fairly 
the  economic  merits  of  arches  of  different  rise,  or  of  an  arch  having  a 
ratio  of  rise  to  span  of  three-tenths  with  another  arch  having  the  same 
ratio  as  to  one  chord  only  and  another  much  smaller  ratio  as  to  the 
lower  chord,  as  Mr.  CiUey  does.  He  compares  two  primitive  figures, 
one  statically  determinate,  and  the  other  made  indeterminate  by  in- 
serting a  redundant  member.  Considered  as  generic  forms,  the  figures 
are  dissimilar  and  not  comparable.  His  conclusions  as  to  the  economy, 
or  the  want  of  it,  in  indeterminate  forms,  arrived  at  in  this  manner, 
are  wholly  irrelevant  and  inapplicable  to  long  spans,  the  only  ones 
for  which  arch  types  are  economically  used. 
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This  will  appear  more  clearly  when  we  oonsider  that  the  closed  Mr.Lindentbal. 
frame  of  the  author,  with  a  depth  of  one-eighth  of  the  span  at  the 
center  would  in  practice  occur  as  a  sickle  truss  which  is  determinate, 
but  hardly  as  a  sickle  arch  which  is  indeterminate,  and  with  that 
depth  of  rib,  would  be  wasteful.  No  arch  bridge  has  been  built  yet 
with  a  depth  of  rib  of  more  than  one-sixteenth.  More  frequently  it  is 
less  than  one-thirty- second  of  the  span. 

As  the  temperature  strains  for  the  same  arch  form  diminish  directly 
with  the  ratio  of  rib  to  span,  they  are,  in  existing  bridges,  yery  iiliuch 
smaller  than  those  given  by  Mr.  Gilley  on  page  616.*  His  maximum  is 
d=  4J5%  of  the  full  load  for  =b  100^  Fahr.  In  the  largest  sickle  arches 
thus  far  built,  namely,  that  of  the  Garabit  Viaduct  in  France  and  of 
the  Gruenenthal  Bridge  oyer  the  Baltic  Canal  in  Germany,  the  maxima 
mre  under  =b  18^,  when  corrected  to  the  same  extremes  of  temperature. 

But,  as  stated  before,  a  comparison  between  forms  of  the  general 
characteristics  of  sickle  arches  and  Eads  arches,  simply  because  they 
happen  to  coincide  as  to  one  chord,  can  lead  to  no  rational  conclu- 
sions. 

Comparisons  of  carefully  worked  out  designs  of  different  arch  types, 
made  by  him  and  others,  haye  convinced  the  writer  that,  other  things 
being  equal,  the  indeterminate  types  are  invariably  more  economical. 
This  is  true  even  if  the  assumption  that  there  are  no  temperature 
strains  in  three-hinged  types  were  correct.  But  this  assumption  is  not 
correct  as  shown  by  the  writer  long  ago.f  That  time-honored  theory, 
found  in  all  text  books,  is  based  on  error.  Three-hinged  arches  are  not 
only  not  free  from  temperature  strains,  but  for  certain  conditions  such 
strains  are  just  as  large  as  in  arches  of  the  two-hinged  type.  The 
difference  is  merely  in  their  distribution.  The  supposed  advantage  in 
that  respect  of  the  three-hinged  over  the  two-hinged  arch  is  illusory. 

Professors  Merriman  and  Jacobi's  **  Higher  Structures  "  is  the  only 
work,  so  far,  referring  to  the  writer's  theory  on  this  subject.  But  al- 
though mentioned  there  merely  in  connection  with  three-hinged  stiffen- 
ing trusses  in  suspension  bridges,  it  applies,  nevertheless,  to  all  forms 
of  arches  with  three  hinges,  whether  of  the  ribbed,  spandrel-braced, 
or  of  the  erect  or  suspended  form.  Each  is,  necessarily,  differently 
affected;  but  in  all  cases  the  strains  are  due  to  the  changes  in  the 
curvature  of  the  equilibrium  curve  from  dead  load  for  different  tem- 
peratures. 

If  the  author  will  trace  the  strains,  due  to  the  falling  and  rising  of 
the  center  hinge  from  changes  of  temperature,  he  will  find  them  by  no 
means  of  negligible  smallness,  even  for  the  large  ratio  of  rise  to  span 
in  his  inconclusive  figure. 

•  Proceedings^  Vol.  rxv. 

t  Engineering  News^  1888,  p.  174;  and  '*  Appendix  to  Report  of  Board  of  Engineer 
Officers  as  to  Maximum  Span  Practicable  for  Suspension  Bridges,"  1894,  p.  68,  and  else- 
where. 
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Mr.Lfadenthal.  The  temperature  strains  are  particnlarly  large  in  flat  arohes,  and, 
to  repeat  it,  the  insertion  of  a  center  hinge  does  not  eliminate  thenu 
It  only  serves  to  remove  the  mazimnm  bending  moment  from  the 
center  to  each  quarter.  So  that  where  the  two-hinged  arch  has  one 
maximum  bending  moment,  the  three-hinged  has  two  of  the  same  in- 
tensity in  most  cases. 

The  new  Alexander  III  Bridge  in  Paris,  for  instance,  having  a  rise 
of  only  one-seventeenth  of  the  span,  is  thus  far  the  flattest  metal  arch 
attempted.  It  is  of  the  three-hinged  type,  here  properly  chosen  be- 
cause a  small  depth  of  rib  was  necessitated  at  the  center  by  the  pre- 
scribed clearance  above  the  river.  The  writer  has  not  seen  a  strain 
sheet  of  that  bridge,  but  believes  that  in  accordance  with  the  common 
theory,  the  arches  have  been  assumed  to  be  free  from  temperature 
strains.  As  a  matter  of  fact,  the  bending  moments  at  the  quarters, 
from  temperature  changes,  are  f uUy  as  great  as  at  the  center  of  a  two- 
hinged  arch,  having  the  same  depth  throughout  as  at  the  quarters 
(where  the  rib  is  one  seventy-second  of  the  span). 

If  the  Washington  Bridge  in  New  York  (510-ft.  span),  or  the 
Niagara  Falls  road  bridge  (840-ft.  span),  which  are  both  of  the  ribbed- 
arch  type,  had  been  built  with  three  hinges  instead  of  only  two,  the 
extra  metal  required  to  meet  the  temperature  strains  would  have  been 
the  same  as  for  two-hinged  arches,  with'  this  difference,  that  the  addi- 
tions to  the  chord  sections  would  have  been  largest  at  the  quarters  in- 
stead of  at  the  center,  and  the  additions  to  the  web  members  largest 
at  the  ends  of  each  half  arch,  instead  of  at  the  ends  of  the  whole  arch. 
In  spandrel-braced  arches,  the  center  hinge  may  be  of  value,  as  here 
it  really  reduces  the  intensity  of  temperature  strains,  but  does  not 
eliminate  them,  by  any  means. 

The  law  applies  also  to  stiffened  suspension  bridges.  The  well- 
known  Point  Bridge  at  Pittsburg  (800-ft.  span)  has  three  hinges;  the 
bracing  is  above  the  chains.  The  bridge  has  been  believed  to  be  free 
from  temperature  strains,  which  is  not  the  case.  The  maxima  from 
temperature  are  those  corresponding  to  the  maxima  at  the  center  of  a 
suspended  two-hinged  ai'ch,  having  a  rise  of  one-eighth  of  the  span, 
and  a  depth  of  rib  of  one  thirty -second  of  the  span.  But  in  this  case 
the  maxima  in  the  chords,  which  in  the  two-hinged  arch  occur  only 
at  the  middle  of  the  span,  reach,  with  little  variation,  from  hinge  to 
hinge,  while  the  web  is  only  slightly  affected.  On  the  whole,  this  type, 
and  the  so-called  Fidler  type,  are  the  worst  forms  for  temperature 
strains,  and  yet  both  are  determinate  forms.  The  suspended  end  spans 
of  the  Tower  Bridge  in  London,  which  are  of  the  Fidler  type,  are  cer- 
tainly exposed  to  bending  strains  from  temperature  changes,  although 
the  designers  believed  them  to  be  eliminated  by  the  insertion  of  middle 
hinges. 

That  the  neglect  to  provide  for  temperature  strains  in  three-hinged 
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arches  has  not  jet  endangered  such  bridges  proves  anew  hew  nsefnl  Mr.UndentbAL 
the  so-oalled  factor  of  safety  is,  and  how  tme  its  designation  as  a  factor 
of  ignorance. 

A  second  correction  in  the  strain  sheets,  for  a  proper  comparison 
of  the  two  types  treated  by  Mr.  Gilley,  is  required  for  the  large  bend- 
ing moments  resulting  from  the  immobility  of  the  hinges,  incorrectly 
ignored  by  him.  In  none  of  the  existing  arch  bridges  has  a  turning 
motion  at  the  hinge  ever  been  observed.  The  friction  is  too  great. 
But  the  motion  is  not  even  desirable.  There  could  be  no  motion  with- 
out wear,  which  after  a  while  might  affect  the  strains  more  than  the 
immobility  of  the  hinges. 

The  bending  moments  from  that  cause  cannot  be  regarded  as  mere 
secondary  strains  of  local  effect,  because  they  make  themselves  felt 
throughout  the  entire  arch  frame,  and  in  flat  arches  or  shallow  ribs 
require  considerable  additions  to  the  sections.  It  is  .true  that  the 
moments  can  be  much  reduced  by  using  for  the  hinges  small  and  long 
pins  rather  than  short  and  large  ones,  for  affording  the  necessary  bear- 
ing area.  But  in  any  event  there  are,  under  equivalent  conditions, 
twice  as  many  bending  moments  from  that  cause  in  three-hinged  as  in 
two-hinged  arches,  while  they  are  absent  entirely  in  hingeless  arches, 
in  which  the  temperature  strains  are  largest. 

The  present  theory  of  metal  arches  requires,  therefore,  the  follow- 
ing important  corrections: 

Three-hinged  arches:  Present  theory,  statically  determinate  system, 
no  temperature  strains. — Corrected  theory,  statically  determinate  sys- 
tem, temperature  strains  plus  bending  strains  from  three  hinges. 

7\jDo-hinged  arches:  Present  theory,  singly  indeterminate  system, 
plus  temperature  strains. — Corrected  theory,  singly  indeterminate 
system  plus  temperature  strains,  plus  bending  strains  from  two  hinges. 

Hingdess  arches:  Present  theory,  two-fold  indeterminate  system, 
plus  temperature  strains;  requires,  of  course,  no  correction,  inasmuch 
as  there  are  no  hinges. 

Strain  sheets  prepared  on  the  corrected  theory,  for  the  same  rise  of 
equilibrium  curve  for  similar  loads  in  all  three  types,  are  alone  fairly 
comparable  as  to  economy  of  metal.  The  three-hinged  and  two- 
hinged  types  require  additions  to  the  cross-sections  of  the  members 
over  those  obtained  on  present  theory.  These  additions  cannot  be 
ignored.  When  made,  the  two-hinged  arch  will  in  every  case  show 
great  economy  over  the  three-hinged  arch. 

The  secondary  stresses,  which  occur  at  the  panel  points  from  the 
elastic  deformation  of  the  frame,  affect  in  practice  only  the  details  and 
strength  of  connections.  They  are  not  different  from  those  in  trusses, 
cantilevers,  and  other  frames.  They  may  be  ignored  in  a  comparison 
of  strain  sheets. 

The  objection  to  indeterminate  structures  cannot  very  well  be 
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itr.Lindeiitlial.  based  on  the  ground  that  the  strains  cannot  be  determined  with  the 
same  exactness  as  in  statically  determinate  stmotnres,  because  snch  is 
not  necessary,  either  for  safety  or  economy. 

The  dangerous  strains,  their  limits,  and  the  conditions  under 
which  they  occur,  can  always  be  ascertained  with  sufficient  accuracy 
without  the  endless  drudgery  which,  as  Mr.  Gilley  shows,  a  detailed 
analysis  for  each  member  of  a  large  structure  would  involve.  There 
is  a  limit  to  the  refinement  of  the  engineer's  calculations,  beyond 
which  nothing  of  practical  value  can  be  gained. 

With  the  utmost  accuracy  of  computation,  in  statically  determined 
or  undetermined  structures,  we  will  never  be  able  to  dispense  with  a 
three  to  ten-fold  safety,  as  the  case  may  be,  to  cover  defects  of  manu- 
facture, want  of  uniformity  in  the  material,  and  the  many  petty  inde- 
terminate, as  well  as  undetermined,  stresses  which  are  always  present. 
The  minimum  and  maximum  limits  of  stresses  ascertained,  their  fre- 
quency properly  judged  and  provided  for,  we  need  have  no  anxiety  for 
the  safety  of  statically  indeterminate  structures. 

No  failures  of  bridges,  caused  by  their  indeterminateness,  have  yet 
occurred.  Some,  over  40  years  old,  are  still  carrying  safely  railroad 
loads,  which,  in  the  meantime,  have  largely  increased.  The  greater 
diffusion  of  the  shearing  strains,  particularly  characteristic  of  indeter- 
minate structures  with  multiple  systems  of  web  members,  has  pro- 
longed their  life.  Bepairs  in  a  few  cases  are  known  to  have  been 
necessitated  by  poor  details.  Many  statically  determinate  structures, 
built  at  the  same  time,  and  proportioned  for  the  same  unit  stresses, 
have  shown  less  resistance  to  wear.  Some  American  railroads  have 
already  the  third  generation  of  metal  bridges. 

It  is  not  irrelevant  to  the  subject  under  discussion  to  refer  here  to 
the  wide-spread  bias  against  the  very  useful  continuous  girder,  which  is 
alleged  not  to  be  economical.  This  is  true  only  when  the  chord  mem- 
bers, subject  to  alternate  stresses  far  within  the  elastic  Umit,  are 
required  to  be  largely  increased  in  accordance  with  the  discredited 
Launhardt  formulas,  or  with  other  similar  rules,  unjustified  by  sound 
reasoning.  We  have  no  proof  whatever  of  the  strength  of  iron  or 
steel  being  a£fected  by  alternating  stresses  within  half  the  elastic  limit. 
The  increase  of  section,  as  required  by  bridge  specifications  in  vogue, 
for  members,  subject  to  such  strains,  is  a  waste  of  money  and  material. 
The  good  results  with  the  very  economical,  durable  and  rigid,  continu- 
ous girders,  proportioned  and  built  before  the  present  rules  of  dimen- 
sioning were  known,  ought  to  have  weight  with  thinking  engineers. 

That  the  writer  is  not  alone  in  his  condemnation  of  the  modem 
rules  for  alternate  stresses  in  bridge  construction,  is  gratifyingly 
evident  from  the  report  of  the  discussion  at  the  International  Railway 
Congress  held  in  London  in  1895.  * 

*  Congress  Bulletin,  page  79. 
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'*  But/'  quoteth  the  theoretician,  ''  consider  the  dangerous  strains  ifr.Ltaidenthai. 
in  continuous  girders,  if  a  pier  should  settle,  or  when  iron  towers 
expand  in  height !"  The  answer  is,  that  piers  should  be  built  so 
that  thej  will  not  settle  more  than  a  certain  allowable  amount,  and 
that  the  variations  in  the  levels  on  iron  towers  can  be  allowed  for 
readily  in  the  dimensioning  of  the  girders.  This  is  a  part  of  engi- 
neering science,  and  surelj  what  the  Chaldean  and  Boman  bridge 
builders  accomplished  in  the  way  of  good  foundations,  the  modem 
engineer  should  at  least  be  able  to  equal.  And  when  secure  founda- 
tions cannot  be  had,  neither  continuous  girders  nor  other  forms  of 
indeterminate  structures  should  be  chosen.  It  is  the  engineer's  busi- 
ness to  investigate  and  to  discriminate. 

The  shaky  and  vibrating  cantilever  structure,  so  much  affected  as 
a  great  improvement  in  that  respect,  is  by  no  means  an  adequate  sub- 
stitute for  the  rigid,  compact  and  economical  continuous  girder,  prop- 
erly designed. 

Another  point  deserves  attention.  The  author  seems  to  ascribe 
much  importance  to  deflections  as  a  means  of  judging  the  rigidity  of  a 
bridge.  What  is  a  rigid  bridge?  If  we  take  rigidity  in  metallic 
bridges  to  mean  absence  of  vibration,  then  deflections  are  a  deceptive 
•criterion. 

The  public  considers  a  bridge  which  vibrates,  as  an  inferior  struct- 
ure; and  one  which  does  not,  as  a  superior  one.  This  ought  to  be  the 
guide,  also,  to  the  engineer.  Sometimes,  structures  regarded  as  rigid 
have  great  deflections  and  little  vibration,  and  vice  versa,  of  which 
the  following  are  a  few  instances: 

The  old  Niagara  single-track  railroad  suspension  bridge  (indeter- 
minate) deflected  ordinarily  10  ins.,  under  a  train,  but  a  pedestrian  on 
the  roadway  below  would  hardly  notice  it  and  would  feel  very  little 
vibration.  It  was  a  more  rigid  structure  than  the  double-track  canti- 
lever railroad  bridge  (determinate)  located  near  by,  which  deflects 
ordinarily  only  3  ins.,  but  a  pedestrian  on  it  feels  disagreeable  sensa- 
tions, and  can  hardly  keep  his  feet  when  a  train  passes  over  the  bridge. 

The  St.  Louis  arch  bridge  (indeterminate)  vibrates  very  noticeably 
under  every  train  and  team,  while  the  Merchant's  Bridge  (determinate) 
located  near  by  is  a  fairly  rigid  truss  structure. 

The  unsightly  Market  Street  cantilever  bridge  (determinate)  in 
Philadelphia  is  unpleasantly  known  for  its  spring-board  motion,  while 
the  old  cast-iron  arc  bridge  (indeterminate),  located  below,  at  Chest- 
nut Street,  is  rigid.  One  of  the  abutments  of  the  latter  bridge  has 
jielded  about  3  ins.,  but  none  of  the  calamities  predicted  in  such 
cases  for  indeterminate  arches  have  oecurred.  The  behavior  of  three 
famous  steel-arch  bridges  is  also  instructive,  viz.:  The  Washington 
arch-bridge  (indetetminate),  in  New  York,  has  ribs  with  solid  webs; 
its  deflections  from  ordinary  loads  are  nil,  but  its  vibrations,  even 


Digitized 


byGoogk 


470  DISCUSSION  ON.  IKDETEBMINATE  FBAMEWOBKS.      [Pbp«n. 

Mr.Llndenthal.  under  a  single-horse  trnok,  are  so  noticeable  that  they  have  been  the 
subject  of  (of  coarse  unfounded)  anxious  communications  to  news- 
papers. If  it  had  three  hinges  instead  of  two,  the  vibrations  would 
be  worse.  The  Niagara  Falls  ribbed  arch  bridge  (indeterminate),  com- 
pleted two  years  ago,  is  similarly  complained  of,  while  the  spandrel* 
braced  railroad-arch  bridge  (indeterminate)  below  is  one  of  the  most 
rigid  metal  bridges  in  existence. 

Specially  interesting,  in  that  respect,  are  also  four  different  types  of 
large  bridges  at  Buda  Pest. 

The  railroad  bridge  with  continuous  lattice  girders  (indeterminate) 
is  rigid  under  fast  trains;  the  famous  Buda  Pest  suspension  bridge^ 
with  no  stiffening  to  speak  of  (and  therefore  determinate),  shows  only 
little  less  vibration  than  the  heavy  Margarethen  spandrel-braced,  arch 
bridge  (indeterminate),  or  the  new  cantilever  bridge  (determinate) 
near  by. 

Owing  to  the  prejudice  against  indeterminate  structures,  most  of 
the  very  high,  iron-trestle  viaducts  in  this  country  are  subject  to  s<j 
much  vibration,  that  trains  must  greatly  reduce  speed  over  them. 
With  girders  cut  over  every  post,  and  provided  with  slide  bearings,  aa 
demanded  by  the  usual  bridge  specifications,  sufficient  rigidity  cannot 
be  obtained.  The  high  viaducts,  with  continuous  girders  (indeter- 
minate), in  Europe,  some  of  them  over  40  years  old,  are,  on  the  other 
hand,  fairly  rigid  under  fast  trains. 

Compare  the  Forth  Bridge  (indeterminate),  proportioned  for  a  live 
load  of  4  UOO  lbs.  per  lineal  foot,  a  riveted  cantilever  structure,  in  which 
16%  of  the  metal  is  in  the  strong  lateral  bracing,  with  the  Brooklyn 
Suspension  Bridge  (indeterminate),  proportioned  for  only  2000  lbs., 
having  no  lateral  bracing  to  speak  of,  and  a  very  defective  stiffening 
system.  The  latter  bridge  is  subject  to  much  greater  deflection  than  the 
Forth  Bridge,  but  both  bridges  are  equally  free  from  noticeable  vibra- 
tion under  the  loads  and  at  the  speeds  for  which  they  are  designed. 

The  remarkable  rigidity  of  even  scantily  stiffened  suspension  bridges 
and  the  reasons  therefor  have  been  discussed  by  the  writer  on  former 
occasions.  It  is  his  opinion,  that  for  long  spans  properly  stiffened 
suspension  bridges  are  the  most  rigid  of  any  metal  type. 

Thus  the  study  of  existing  bridges,  of  both  the  determinate  and  in- 
determinate kind,  affords  better  instruction  in  rigidity  than  the  mere 
comparison  of  deflections.  Naturally,  these  ought  to  be  always  as 
small  as  possible. 

The  writer  does  not  advocate  indeterminate  structures,  but  neither 
is  he  prejudiced  against  them.  A  decision  as  to  their  true  economy 
and  merits  can  be  reached  only  from  case  to  case.  It  seems  to  him  that 
the  swiping  conclusions  of  Mr.  Cilley  and  of  others  against  them  are 
founded  on  incomplete  investigations  and  are  at  variance  with  known 
facts. 
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Prof.  C.  W.  RirrBB*  (by  letter).— In  hia  detailed compariBon  of  static-  Mr.  Ritter. 
ally  determinate  and  indeterminate  frameworks,  the  author  endeavors 
to  demonstrate  the  decided  superiority  of  the  determinate  forms.  He 
claims  that  the  determinate  structures  are,  theoretically,  more 
economical  than  the  indeterminate  ones.  He  shows  that  in  inde- 
terminate structures,  a  slight  inaccuracy  in  the  length  of  a  member 
or  a  slight  change  of  temperature,  can  e£fect  a  considerable  and 
even  serious  change  in  the  stresses.  He  emphasizes  the  fact  that 
discrepancies  in  the  levels  of  the  supports  of  continuous  girders, 
or  a  slight  yield  of  piers  or  abutments  of  two-hinged  and  hinge- 
less  arches,  have  considerable  e£fect  on  the  interior  stresses.  He 
also  points  out  the  laboriousness  of  the  exact  design  of  indeterminate 
structures. 

It  will  scarcely  be  necessary  to  concede  that  all  these  argpiments  are 
doubtless  very  reasonable,  and  the  writer  thinks  it  wise  to  emphasize 
now  and  then  the  advantages  of  determinate  structures  and  to  expound 
the  uncertainties  of  the  basis  on  which  the  design  of  indeterminate 
structures  is  founded. 

In  Q^rman  literature,  these  questions  have  often  been  discussed  and 
analyzed.  A  thorough  investigation  of  the  matter  has  not  been  without 
conclusive  results.  The  use  of  the  multiple  intersection  system  has 
commonly  been  dropped;  arches  which,  formerly,  were  all  designed 
without  hinges  are  now  very  often  provided  with  two  or  three  of  them. 
Within  the  last  ten  years,  even  several  stone  arches  have  been  built 
with  three  hinges.  The  cantilever  system  has  been  frequently  substi- 
tuted for  the  system  of  continuous  girders. 

Although  a  noticeable  change  has  taken  place  in  the  manner  of  con- 
structing frameworks,  European  engineers  have  not,  as  yet,  abandoned 
indeterminate  forms  entirely,  and  the  writer  dares  to  say  they  never 
will.  Without  disputing  the  adva'ntages  of  the  determinate  forms,  a 
thorough  and  careful  examination  of  the  question  leads  to  the  result 
that,  considered  from  the  practical  standpoint,  the  indeterminate 
frameworks  must  frequently  be  declared  preferable,  at  least  for 
European  practice. 

First,  it  may  easily  be  perceived  that  some  of  the  above-mentioned 
disadvantages  of  the  indeterminate  structures  are,  in  many  cases,  of 
little  weight,  and  that  some  others  adhere  also  to  the  determinate 
forms.  If  the  foundations  arc  absolutely  solid,  why  should  we  not 
build  a  continuous  g^der,  as  well  as  a  cantilever.  The  influence  of 
varying  .temperature  on  two-hinged  and  hingeless  arches  decreases 
with  increasing  height  for  the  same  span,  and,  in  case  such  arches  have 
other  advantages  besides,  we  should  not  hesitate  to  prefer  them  to  the 
three-hinged  arch.  Unequal  warming  of  the  members  of  an  indeter- 
minate framework  exerts  indeed  a  disadvantageous  influence  on  the 
stresses,  but  the  same  may  be  said  of  the  one-sided  warming  of  the 

*  Prof eesor  of  CItII  Engineering,  Federal  Swiss  Polytechnic,  Zurich. 
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Mr.  Ritter.  members  of  a  detenninaie  structure.  In  fact,  we  will  never  succeed  in 
avoiding  entirely  tlie  influence  of  varying  temperature. 

In  regard  to  economy,  the  author  asserts  that  the  determinate 
structures  need  less  material  than  the  indeterminate  ones.  For  this 
assertion  he  gives  a  plain  and  convincing  mathematical  proof.  But 
let  us  be  careful  in  applying  this  result  to  our  practical  construc- 
tions. 

For  instance,  it  can  be  shown  that  the  framework  designated  a. 
Fig.  18,  which  is  determinate,  requires  more  material  than  the  frame- 
work designated  5,  which  is  indeterminate.  Assuming  each  panel  load 
to  be  equal  to  4,  and  that,  by  introducing  initial  stresses,  the  diagonals 
in  each  panel  in  form  b  are  equally  strained,  the  stresses  indicated  by 
the  figures  will  result.  Multiplying  those  stresses  by  the  lengths  of 
the  respective  members,  we  have: 

Form  a— Upper  chord  =  2  (10  +  16  +  18)  =  88 

Lower  chord  =  2  (10  +  16)  =  52 

Posts  =10 +  6  +  44-64- 10  =36 

Diagonals       =  2  (14.14  +  8.49  +  2.83)  -/a         =  72 

Form  ft— Chords  =  2  (10  4- 13  4- 17  4- 13  +  17)         =140 

Posts  =7  +  24.2+2  +  7  =20 

Diagonals      =  2  [14. 14  +  (2  X  4. 24)  4-  (2  X 1. 41)] 

-/2"=72 

Nevertheless,  the  assertion  of  the  author  is  correct,  inasmuch  as 
there  exists  a  third  form  c,  included  in  b,  which  requires  still  less 
material,  for  we  have: 

Form  c— Upper  chord  =  2  (10  4- 12  +  16)  =  76 

Lower  chord  =  2  (14  +  18)  =64 

Posts  =  6  +  6       .  =12 

Diagonals      =  2  (14. 14 +5. 66  4- 2. 834-1 83)^2"=  72 

At  the  same  time,  we  recognize  that  the  inner  posts  have  disap- 
peared. As  these  posts,  as  a  rule,  are .  necessary  for  attaching  floor- 
beams,  the  form  c  is  in  most  cases  practically  useless,  which  proves 
that  the  advantage  of  the  determinate  frameworks,  as  far  as  the 
theoretically  required  amount  of  material  is  concerned,  may,  by  acces- 
sory circumstances,  easily  be  reversed  into  a  disadvantage. 

The  author  himself  shows  that  for  varying  loads  the  above-men- 
tioned rule  loses  its  validity.  There  are  still  other  facts  which  often 
prove  the  indeterminate  structures  to  be  more  economical. 

First,  in  using  intersecting  diagonals,  we  obtain  the  advantage 
that  in  these  members  the  stresses  are  halved,  and,  in  consequence, 
the  struts  can  be  attached  directly  to  the  chords;  while,  in  the  con- 
trary case,  we  are  obliged  to  use  costly  connection  plates.  Again,  by 
intersecting  the  ties  with  the  struts,  we  shorten  the  distance  of  supports 
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of  the  latter.  Further,  it  is  a  common  ezperienoe,  that  the  stresses  in  Mr.  Hitter, 
the  various  members  of  an  indeterminate  framework  are  of  greater 
uniformity  than  those  of  a  determinate  one,  a  fact  which  naturally 
leads  to  some  economy.  Finally,  for  cantilevers  ancl  three-hinged 
arches,  the  cost  of  the  structure  is  increased  by  that  for  the  hinges, 
and  it  is  not  unusual  that  this  additional  cost  exceeds  all  economy 
secured  otherwise  through  statical  determination.  It  may  be  remarked 
also  that  the  connections  of  thelateral  system,  on  account  of  its  con- 
tinuity past  the  hinges,  very  often  lead  to  clumsy  details  and  difficulty 
in  construction. 


After  all,  it  will  be  difficult  or  even  impossible  to  predict  which  of 
the  two  systems  will  prove  cheaper  in  the  end,  without  computing 
and  designing,  in  each  special  case,  both  of  them.  The  greater  labor 
involved  in  computing  statically  indeterminate  structures  can  rarely 
be  a  reason  for  abandoning  them.  The  methods  for  their  computation 
have  been  perfected  to  such  a  degree  that  the  time  required  for  it 
alone  is  hardly  of  any  moment  in  comparison  with  that  required  for 
the  entire  design. 

One  of  the  chief  objections,  emphasized  by  the  author,  to  statically 
indeterminate  structures  is  the  possible  discrepancies  in  the  length  of 
members.  This  objection  is  an  important  one  for  the  United  States 
of  North  America,  where  pin-connected  structures  are  generally  built. 
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Mr.  Rltter.  It  is  of  less  importanoe  in  Europe,  where  riveted  conneotions  are  used 
more  generally.  If  the  length  of  any  member  of  an  indeterminate, 
pin-connected  framework  is. inaccurate,  the  defect,  as  a  rule,  cannot 
be  corrected  easily,  while  in  riveted  connections  such  deficiencies  are 
compensated  by  the  red-hot  rivets  which  will  fill  out  the  holes  even  if 
these,  within  certain  limits,  do  not  match.  European  specifications, 
not  unlike  American  ones,  strictly  provide  that  if,  in  connecting  parts 
or  members,  the  rivet  holes  fit  badly,  the  holes  have  to  be  enlarged  and 
larger  rivets  have  to  be  used.  Stretching  the  bars,  in  order  to  match 
the  rivet  holes,  is  strictly  forbidden.  If  in  spite  of  these  precautions 
a  slight  discrepancy  remains,  it  is,  as  mentioned  above,  compensated 
by  the  rivets  themselves,  which,  if  properly  driven,  will  fill  out  the 
holes  perfectly.  It  seems  to  the  writer  that  for  this  reason  the  induce- 
ment for  avoiding  statically  indeterminate  structures  exists  iar  less 
for  rigidly  rivet-connected  than  for  pin -connected  structures. 

Regarding  stiffness,  the  author  gives  us  an  interesting  comparison 
between  the  deflection  of  a  two- hinged  and  a  three-hinged  arch.  He 
finds  that  the  difference  is  very  insignificant.  It  seems  to  the  writer  that 
this  result,  for  the  example  in  question,  has  to  be  attributed  to  the 
fact  that  the  theoretical  height  of  the  two-hinged  arch  is  actually  less 
than  that  of  the  three-hinged  one.  In  general,  structures  with  hinges 
(arches  or  cantilevers)  are  less  stiff  than  those  without  hinges.  For 
instance,  the  fixed  span  of  a  cantilever  deflects  exactly  as  much  as  a 
single-span  girder,  while  the  deflection  of  a  continuous  g^der  of  the 
same  span  is  from  30  to  5Q^  less.  .  Let  it  be  remembered  that  in  rail- 
way bridges  such  hinges  often  produce  shocks,  which  benefit  neither 
the  bridge  nor  the  rolling  stock. 

In  reference  to  the  stiffness  of  bridges,  we  should  not  only  consider 
the  elastic  deflections  under  varying  loads,  but  also  the  vibrations  of 
the  structure  in  a  vertical  and  lateral  sense.  It  can  scarcely  be  con- 
tended that,  in  this  respect,  statically  indeterminate  structures  are 
safer,  although,  as  the  author  says,  a  strict  proof  for  this  assertion 
can  scarcely  be  given.  Now,  is  not  the  extensive  adherence  of  Ameri- 
can engineers  to  stiff  joints  in  upper  chords,  as  well  as  the  rigid 
attachment  of  floor-beams,  stringers,  and  lateral,  portal  and  sway- 
bracing,  a  proof  of  their  sound  constructing  sense,  although  all  these 
construction  details  clearly  involve  statical  indetermination?  The 
author,  it  is  true,  refers  principally  to  vertically  loaded  frameworks, 
but  what  is  sound  for  floor  beams,  stringers  and  bracing,  is  not  likely 
to  be  wrong  for  frameworks  throughout. 

The  author  should  be  thanked  for  his  intelligent  investigations  and 
his  manifold  suggestions.  In  any  case,  it  will  be  unreasonable  to 
build  an  indeterminate  framework  where  a  determinate  one  is  just  as 
advantageous,  and  the  author's  endeavor  to  substitute  determinate  for 
indeterminate  forms  is  praiseworthy.    But  on  the  other  hand,  it  is  the 
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writer's  opiDion  that  indeterminate  struotores  are  in  many  eases  pre-  Mr.  Ritter. 
ferable,  and  that  we  will  never  be  able  to  do  without  them  entirely. 
Their  frequently  greater  economy  and  their  greater  stiffness,  as  well  as 
their  adaptability  to  various  circumstances,  are  such  important  advan- 
tages, that  it  would  not  be  wise  to  throw  them  overboard  on  mere 
principle.  On  the  contrary,  it  should  be  regarded  as  the  task  of  engi- 
neering science  to  study  the  qualities,  the  peculiarities  and  especially 
the  deficiencies  of  indeterminate  structures,  to  search  for  necessary 
remedies,  and  to  simplify  further  methods  of  computation. 

Prof.  W.  DiETZ*  (by  letterf).  — The  writer  was  a  pupil  of  Head-Master  Mr.  Dietz. 
H.  Gterber,  who,  by  the  introduction  of  continuous  girders,  such  as 
cantilevers  and  those  simply  supported  at  the  piers,  has  gained 
great  distinction  in  the  art  of  bridge  building,  and  who,  as  is 
perhaps  not  generally  known,  by  the  construction  of  the  street  bridges 
over  the  Main,  near  Hassfurt,!  furnished  the  prototype  for  the  truss 
system  of  the  Firth  of  Forth  Bridge.  The  writer,  therefore,  has  had 
the  opportunity  of  becoming  intimately  acquainted,  both  theoretically 
and  constructively,  with  the  greatest  variety  of  statically  determined 
truss  systems.  It  follows,  therefore,  that  he  has  retained  a  certain 
preference  for  such  systems,  with  their  strains  so  clearly  and  quickly 
obtained.  Yet  his  vocation  makes  it  necessary  for  him  also  to  investi- 
gate, thoroughly,  both  theoretically  and  practically,  statically  indeter- 
minate systems  of  the  most  different  kinds,  and  his  experience  gained 
thereby,  together  with  the  indisputable  advantages  of  undetermined 
systems  under  certain  conditions,  compel  him  not  to  withhold  due 
acknowledgment  thereof,  and  to  protest  against  unfounded  attacks 
upon  the  existence  of  these  trusses. 

The  writer,  with  a  large  amount  of  material  at  his  disposal,  must 
characterize  the  author's  closing  sentence  '*  that  the  use  of  indetermin- 
ate framework  is  certainly  not  advantageous  from  an  economic 
standpoint,  nor  apparently  from  any  other  standpoint,"  as  not  in 
accordance  with  facts,  and  hardly  capable  of  demonstration. 

The  matter  is  not  as  simple  as  the  author  represents  it  to  be.  As 
is  well  known,  it  is  not  only  the  length  of  span  between  supports  that 
influences  the  volume  of  iron  in  bridge  trusses,  but  also  the  greater  or 
smaller  number  of  panels  into  which  the  span  is  divided,  the  length 
and  form  of  cross-section  of  the  compression  members;  the  kind  of 
joints,  and  the  manner  in  which  they  are  made,  as  also  the  riveting  of 
adjoining  parts;  and,  finally,  to  a  very  great  extent,  the  method  used 
in  dimensioning.  As  regards  the  latter,  the  method  by  Gerber,  as 
specified  in  Bavaria,  which  takes  into  account  the  impact  of  variable 
loading,    gives    considerably   different    cross-sections    in    individual 

*  Technical  Highschool,  Munich. 

t  Translated. 

X  Zeitschrift  fUr  Architektur  und  Ingenieurtcesen^  1898,  p.  668,  Fig.  1. 
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Mr.  Dietz.  members  from  those  determined  by  the  widely  used  Launhardt-Wey- 
ratich  formula,  which  does  not  consider  the  effect  of  impact. 

In  order,  therefore,  to  make  a  professional  comparison,  in  regard 
to  the  amount  of  iron  needed,  between  several  different  truss  systems,  it 
is  necessary  to  take  account  of  all  the  foregoing  factors,  and  to  observe 
the  condition  that  all  the  trusses  are  dimensioned  by  the  same  method. 

Most  of  these  factors  are  taken  account  of  by  introducing  the 
so-called  construction  coefficient  with  which  the  theoretical  volume 
of  the  different  members  must  be  multiplied'in  order  to  obtain  the 
practical  volume.  The  determination  of  these  coefficients  is,  how- 
ever, a  work  of  considerable  scope,  and  leads  to  results  of  practical 
value  only  when  based  upon  a  large  number  of  data,  which  the  bridge 
companies,  for  reasons  which  are  obvious,  do  not  give  out  generally. 

Further,  it  should  not  be  overlooked  that  the  superstructure  of  a 
bridge  forms  only  a  part  thereof,  and  that  not  only  the  metal  con- 
struction, but  also  the  abutments  and  piers,  the  method  of  erection 
and  the  maintenance  of  the  structure,  should  be  taken  into  considera- 
tion, so  that  in  special  cases  it  is  quite  possible  that  a  considerable 
increase  in  the  cost  of  the  iron  structure  may  result  in  a  saving  on  the 
final  cost  of  the  whole  bridge.  The  ultimate  object  of  all  our 
technical  information  and  knowledge  is  to  arrive  at  the  lowest  possible 
total  cost,  providing  at  the  same  time  for  an  even  strength  of  all  the 
parts. 

There  is  ample  proof  to  show  how  often  the  effort  is  made  in 
Germany,  even  in  extraordinary  cases,  to  use  statically  determined 
truss  systems,  as,  for  instance,  in  the  Neckar  Bridge,  in  Mannheim*  and 
the  Donau  Bridge  in  Budapest. f  If,  however,  in  a  large  number  of 
structures^,  built  of  late,  indeterminate  frameworks  have  been  used  in 
the  main  truss  systems,  the  reason  for  this  should  not  be  sought  in  a 
one-sided  preference  for  difficult  theoretical  problems,  but  in  the  fact 
that  after  a  careful  consideration  of  all  circumstances  in  each  case, 
these  systems  were  iound  to  be  the  most  advantageous. 

As  a  particularly  instructive  example  of  this  class,  the  Miingstener 
yiaduct{  can  be  mentioned.  In  this  case  the  most  thorough  com- 
parative studies  regarding  the  effects  of  brakes,  and  the  matter  of 
erection,  led  finally  to  the  selection  of  a  combination  of  trestle 
bridge  with  a  statically  indeterminate  arch  with  fixed  ends. 

It  should  be  noted,   in  this    connection,    that  very  interesting 

experiments  were  made  upon  this  bridge,   and  that  they  showed  a 

very  satisfactory  agreement  between  the  theoretical  and  the  actual 

strains  in  the  truss  members. 

*  Zeitachrift  de8  Vereins  DeuUcher  Inqenieure,  1891,  p  89,  Fig.  18,  and  Zeitschrift 
ffkr  Architektur  und  Ingenieurioeaen,  1898,  Flate  xlv.  Fig.  11. 

t  Zeitschrift  de»  Vereins  Deutscher  Ingenieure^  1894.  International  Competition, 
p.  1238,  Fig.  TO 

t  Zeitachrift  fur  Architekture  und  Ingenieurweaen,  1898,  p.  561. 

%  Zeitschrift  des  Vereirui  Deutacher  Ingenieure.  "The  MUngsten  Viaduct."  p.  1821. 
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As  is  well  known,  the  Germans  are  much  interested  in  the  thorongh  Mr.  Dietx 
investigation  of  the  so-called  secondary  strains*  which  are  found  in 
every  trass  of  whatever  system,  arising  either  from  the  inflexible, 
riveted  joints,  or  from  the  frictional  resistance  of  the  pins,  which, 
even  in  the  best  constructed,  pin-connected  bridges  must  be  over- 
come before  an  actual  turning  of  the  individual  members  about  the 
pin  can  take  place.  From  this  point  of  view  the  two-hinged  arch,  for 
instance,  is,  when  properly  designed,  considerably  superior  to  the 
ordinary  truss  bridge  resting  on  two  supports;  and  this  is  an  addi- 
tional factor  which  in  connection  with  a  pleasing  outer  appearance, 
which  the  Germans  happily  are  appreciating  more  and  more,  has 
influence  in  determining  the  choice  of  a  truss  system. 

In  the  proceeding,  the  writer  has  outlined  the  different  elements 
which  should  be  considered  in  judging  the  merits  of  different  truss 
systems;  he  would  now,  in  conclusion,  prove  by  figures  how  little 
permissible  it  is  to  draw  general  conclusions  as  to  the  economical 
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fjuperiority  of  the  three-hinged  over  the  two -hinged  arch,  even  in  purely 
theoretical  respects,  from  the  author's  comparisons  between  quite 
«mall  arches  of  definite  shape. 

The  diagram,  Fig.  19,  illustrates  the  very  carefully  made  compari- 
-sons  between  a  three-hinged  and  a  two-hinged  arch  with  elastic  tie  rod 
for  the  Hacker  Bridge  in  Munich. f  In  the  right  half  the  theoretically 
determined  cross-sections  for  a  three-hinged  arch  are  given,  and  in 
-the  left  half  those  for  a  two-hinged  arch,  in  square  decimeters.  Pure 
tensile  strains  are  indicated  by  -|-;  pnre  compressive  strains  by  — ,  and 
members  subject  to  both  kinds  of  strain  by  [. 

The  result  of  this  comparison  is  very  unfavorable  to  the  three- 
hinged  arch,  even  when  only  the  theoretically  determined  volumes  are 
considered,  inasmuch  as  it  requires   11. 3^  more  material  than  the 

•  Engesser:  '*  Supplementary  Forces  and  Secondary  Strains  In  Iron  Truss-Bridgee," 
1802  and  1898. 

t  Zeitachrift  des  Vereins  Deut8cher  Ingenieure,  1893.  "  Construction  of  the  Hacker 
Bridge,"  p.  1«1 
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Mr.  Diets,  two-hinged  arch,  and  this  difference  becomes  still  greater  when  the 
additional  material  required  for  the  center  hinge  is  taken  into  account. 
A  still  greater  disadvantage  for  the  three-hinged  arch  appears  when 
its  deflection  is  considered,  as  it  amounts  to  30.5%  more  than  that  of 
the  two-hinged;  it  was  calculated  carefully  for  both  archeiB,  according 
to  the  well-known  method  by  Mohr,  taking  into  account  the  change  of 
length  in  every  member. 

The  writer  maintains  that  the  question,  whether  under  all  circum- 
stances the  statically  determinate  framework  is  superior  to  the  inde- 
terminate, cannot  at  all  be  answered  on  the  basis  of  a  one-sided 
comparison,  considering  only  the  theoretically  required  amount  of 
material  It  can  only  be  determined  in  each  case  by  weighing  carefully 
the  influences  of  all  the  factors,  and  requires,  not  only  thorough  theo- 
retical knowledge,  but  also,  a  large  amount  of  comparative  material 
and  experience. 

Mr.  Sohn,  Prof.  JOSEPH  SoHN  (by  letter). — The  exact  design  of  statically  in- 
determinate frameworks,  as  explained  in  the  paper,  is  based  essentially 
on  the  idea  that  the  stresses  of  the  superfluous  bars  under  a  certain 
loading  are  not  computed  but  assumed.  In  the  case  of  a  single  given 
loading  (constant  loading),  the  author  assumes  arbitrarily  the  stresses 
in  the  superfluous  bars,  deduces  thence  and  from  the  loading  the 
stresses  in  the  remaining  (necessary)  bars  and  designs  on  this  basis  the 
cross-sections  of  the  various  members.  The  equations  of  elasticity  deter- 
mine then  the  differences  between  the  figure  length  and  the  actual  un- 
strained length  of  each  superfluous  bar.  Thereby,  the  construction  is 
designed,  and  in  practice  it  only  remains  to  give  to  the  bars  the  cor- 
responding length.  The  more  nearly  this  condition  is  attained  the 
more  nearly  the  actual  stresses  approach  the  designed. 

If  a  statically  indeterminate  framework  is  subject  to  the  several 
different  loadings  (variable  loading),  the  author  assumes  the  stresses 
in  the  superfluous  bars  under  one  of  the  given  loadings  or,  more  gen- 
erally, he  sets  an  equal  number  of  further  conditions;  in  the  equations 
of  elasticity,  each  relating  to  the  difference  between  the  stresses  in  the 
bars  under  two  of  the  given  loadings,  and  therefore  not  containing  the 
differences  between  the  figure  and  actual  unstrained  length  of  the 
superfluous  bars,  the  author  expresses  the  section  areas  of  every  bar 
by  the  corresponding  stress  under  the  most  unfavorable  loading;  the 
equations  of  elasticity  determine,  then,  the  stresses  in  the  super- 
fluous bars  under  each  of  the  given  loadings;  thence  result  the  stresses 
in  the  necessary  bars,  and  it  remains  to  compute  the  differences  be- 
tween the  figure  length  and  actual  unstrained  length  of  the  super- 
fluous bars. 

The  case  of  a  constant  loading  offers,  in  designing,  no  difficulty; 
with  variable  loading,  on  the  contrary,  the  design,  even  under  the 
simplest  conditions,  is  exceedingly  complicated  and  laborious.     The 
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author  himself  accents  it  expressly  and  adds  force  principally  upon  Mr.  Sohn. 
the  proof  that  statically  indeterminate  systems  are  in  all   respects 
(economy,  stiffness,  safety)  inferior  to  the  determinate  constructions, 
and  that  only  these  last  systems  may  be  recommended  in  practice. 

Although  there  are  cases  where  it  will  not  do  to  exclude  statically 
indeterminate  forms,  the  writer  agrees  with  the  author  that  statically 
determinate  systems  generally  are  to  be  preferred,  particularly  for  the 
reason  that  slight  imperfections  of  the  actual  construction,  unavoid- 
able in  practice,  do  not  influence  essentially  the  stresses  in  the  bars. 
In  statically  indeterminate  constructions  that  influence  is,  on  the  con- 
trary, yery  considerable;  wherefore  important  divergences  between  the 
computed  and  actual  intensities  of  stress  are  possible  and  probable. 
A  simple  example,  given  by  the  author,  shows  evidently  how  much  the 
intensity  of  stress  can  be  altered  by  the  incorrect  length  of  a  bar. 

G.  Jung,*  Esq.  (by  letterf). — The  writer  has  read  Mr.  Cilley's  paper  Mr.  Jung. 
on  indeterminate  frameworks  with  much  interest  and  takes  pleasure 
in  finding  that  he  entirely  agrees  with  him. 

For  a  long  time  the  writer  has  maintained  that  statically  determinate 
frameworks  are  preferable  to  indeterminate  ones.  His  reasons  for  this 
opinion  being  about  the  same  as  those  which  the  author  has  so  well  set 
forth,  he  considers  it  useless  to  repeat  them  here. 

On  the  other  hand,  he  has  for  many  years,  in  his  course  on  graphical 
statics  at  the  Superior  Technical  Institute  of  Milan,  called  the  attention 
of  students  to  the  paper  of  Maurice  Levy  (mentioned  also  by  Mr. 
Oilley),  and  has  invited  them  to  study  the  argument  treated  therein. 
With  considerations  of  a  general  character,  analogous  to  those  given 
on  pages  570  and  571  of  the  paper,  the  writer  emphasizes  the  simplicity 
of  the  calculation  and  of  the  hypotheses  required  by  statically  deter- 
minate frameworks  as  compared  with  the  complicated  calculations  and 
thQ  necessity  of  farther  hypotheses,  required  by  indeterminate  frame- 
works, and  concludes  with  pointing  out  the  superiority  of  the  former 
structures  over  the  latter,  at  least  from  the  theoretical  and  purely 
statical  (and  economical)  point  of  view. 

As  for  the  dynamical  phenomena,  the  writer  does  not  know  of  any; 
but  the  author's  obsei'vations  on  page  572  J  seem  to  be  just.  The  writer 
does  not  know,  either,  what  the  good  reasons  are  which  could  make 
one  prefer  indeterminate  rather  than  statically  determinate  frameworks, 
which  latter  have  in  their  favor,  besides,  the  practice  and  the  large 
experience  of  American  engineers. 

Frank  H.  Cilley,  S.  B.  (by  letter). — The  writer  believes  that  Mr.  Mr.CiUfij'. 
Goldmark's  objections  rest,  in  part,  on  a  misapprehension.      The  use 
of  methods  of  calculation  based  on  the  principle  of  virtual  **  Veloci- 
ties" or  **  Displacements  "  or  **Work,"  as  it  is  variously  termed,  or 

*  A«8ociate  Manager  of  the  Annali  di  Mateinatica^  Milan,  Italy. 

t  Translated. 

t  Proceedings.  Vol.  xxv. 
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Mr.Ciiley.  which  result  from  the  principle  of  least  work,  which  is  simply  an 
integral  form  of  the  preceding,  is  the  simplest  as  well  as  the  mosi 
correct  means  of  determining  changes  in  stress  and  strain  in  indeter- 
minate structures.  Where  such  structures  exist,  and,  therefore,  must 
be  examined,  the  writer  most  strongly  approves  the  use  of  these 
methods.  And  in  designing,  if  engineers  will  use  indeterminate  forms,, 
these  methods  are  still  to  be  preferred.  But  in  this  case  the  present 
tentative  method  of  application  must  be  used,  as  the  direct  and  exact 
method  outlined  by  Mr.  Gold  mark  is  too  difficult  to  be  practicable* 
The  writer's  point  is  that  while  the  methods  just  referred  to  are  the 
best  known,  still,  being  indirect  and  tentative,  and  embodying  no 
principle  that  guides  to  good  rather  than  bad  proportions,  even  their 
use  in  designing  is  necessarily  unsatisfactory,  and,  consequently^ 
designs  depending  on  their  use  will  be  correspondingly  defective. 
The  writer's  objections  are  directed  rather  to  the  unnecessary  use  of 
systems  of  construction  involving  these  uncertain,  wearisome  and 
unsatisfactory  calculations  than  to  the  methods  of  making  these  calcu- 
lations. 

Begarding  the  alleged  tendency  to  multiple  systems  of  webbings 
the  writer  would  refer  Mr.  Goldmark  to  Professor  Ritter's  statement 
in  his  contribution  to  this  discussion,  that  ''the  use  of  the  multiple 
intersection  system  has  commonly  been  dropped "  as  a  result  of 
German  investigations  of  the  subject. 

Mr.  Goldmark's  references  to  the  bibliography  of  the  subject  are 
valuable.  The  writer  personally  prefers  the  use  of  the  principle  of 
**  Virtual  Velocities"  (displacements  or  work),  so  clearly  set  forth  in 
Professor  Swain's  article,  **  On  the  Application  of  the  Principle  of  Vir- 
tual Velocities  to  the  Determination  of  the  Deflection  and  Stresses  in 
Frames,"  elsewhere  referred  to,  to  the  use  of  the  integral  principle  of 
''Least  Work,"  of  which  an  excellent  exposition  by  Professor  William 
Cain  will  be  found  in  the  Transactions*  of  this  Society.  The  former 
principle,  while  leading  to  precisely  the  same  equations  as  the  latter^ 
is  much  more  objective,  and,  in  the  writer's  opinion,  is  less  likely 
to  introduce  errors. 

Mr.  Linden thal's  objections  raise  many  most  interesting  points 
which  the  writer  only  fears  bis  present  very  limited  time  will  not 
permit  him  to  discuss  with  the  thoroughness  which  is  desirable.  He 
trusts  that  a  further  opportunity  will  permit  of  his  correcting  present 
shortcomings,  and  that  brevity  will  be  pardoned  in  this  instance. 

One  of  Mr.  Lindenthal's  first  objections  is  to  the  comparison  of  a 
given  indeterminate  framework  with  a  determinate  framework  of 
included  figure,  a  procedure  which  he  characterizes  as  unfair.  In  this 
the  writer  will  agree  with  him,  except  that  the  unfairness  is  not  to  the 
indeterminate,  but  to  the  determinate  form.     For  the  indeterminate 

♦  Transactions^  Am.  Soc.  C.  E.,  Vol.  xxlv,  p.  266. 
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form  is  any  giyen  form,  and,  certainly,  it  wonld  be  fair  in  theory  and  Mr.Cilley. 
always  permissible  in  practice  to  use  in  its  place  another  framework 
of  included  figure.  It  rises  no  higher,  it  descends  no  lower,  it 
extends  in  nowise  beyond  the  bounds  of  the  given  framework,  and 
offers  at  least  as  great  clearances  in  all  directions.  What  just  objec- 
tion, then,  can  be  made  to  its  substitution  for  the  given  framework? 
And  if  it  is  true  that  this  leads  to  a  greater  *<  effective  "  height  or  depth 
in  the  substituted  framework^  that  is  only  one  of  the  legitimate  advan- 
tages of  the  substitution.  It  is  in  part  because  of  such  advantages  that 
the  determinate  forms  are  gainers  over  the  indeterminate.  But  the 
comparison,  even  so,  is  unfair  to  the  determinate  framework,  for  all 
the  proportions  of  the  indeterminate  framework  may  be  those  which 
most  favor  it,  while  the  determinate  framework,  whose  figure  is  formed 
simply  by  dropping  out  certain  lines  of  the  figure  of  the  given  indeter- 
minate framework,  without  any  alteration  in  proportions,  may  not, 
and  very  'likely  will  not,  be  the  best  determinate  framework  whose 
figure  simply  does  not  exceed  the  bounds  of  the  figure  of  the  given 
indeterminate  framework.  This  latter  would  certainly  be  a  fairer 
basis,  but  even  that  would  not  be  wholly  fair.  Usually,  bounds  in 
many  places  exceeding  those  of  the  given  indeterminate  framework 
would  be  equally  permissible.  It  would  only  be  fair  to  permit  the 
search  for  a  superior  determinate  framework  to  extend  to  any  within 
these  bounds.  It  must  be  remembered  that  the  indeterminate  frame- 
work is  supposed  to  be  given  and  the  question  raised  is:  Can  a  determin- 
ate framework,  which  wonld  satisfy  equally  well  the  actual  limiting  . 
conditions,  be  found,  which  would  advantageously  replace  the  given 
framework?  Could  this  be  shown  in  general  to  have  an  af&rmative 
answer,  the  superiority  of  determinate  over  indeterminate  construction 
would  thereby  be  demonstrated  conclusively. 

But  it  is  not  possible  to  thus  broaden  the  limits  in  a  general  dis- 
cussion. We  must  remain  within  limits  which  are  beyond  question, 
and  those  surely  are  the  boundaries  of  the  given  indeterminate  frame- 
work. As  a  result,  while  the  demonstration  that  there  exists  a 
superior  determinate  framework  under  theee  conditions  is  absolutely 
conclusive,  the  demonstration  of  the  contrary  would  still  leave  open 
the  possibility  of  a  reversal  through  fairer  conditions. 

Mr.  Lindenthars  next  point  is  an  objection  directed  to  the  very 
considerable  proportion  of  depth  to  span  in  the  arch  of  the  second 
illustration.  It  is  one-eighth,  whereas  in  practice  one-sixteenth  is 
about  the  maximum  and  one  thirty-second  more  frequent.  Now,  this 
arch  was  proportioned  as  a  two-hinged  and  not  as  a  three-hinged 
arch.  The  small  number  of  its  members  (required  to  reduce  the 
work  of  an  **  exact  design  ")  alone  is  responsible  for  this  considerable 
depth.  The  three-hinged  design  obtained  by  dropping  out  the  middle 
bar  of  the  two-hinged  design  is  far  from  being  of  a  superior  character. 
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Mr.  cuiey.  For  the  limited  number  of  members  used,  the  two-hinged  design  is 
by  no  means  favored  iu  its  proportions.  If  it  gains  decidedly  in 
effective  arch  rise  at  the  center  through  this  great  depth  of  the  two- 
hinged  arch,  it  may  be  contended,  on  the  other  hand,  that  the  great 
depth  of  the  two-hinged  arch  at  the  middle  should  secure  it  great 
rigidity.  We  should  expect  that  where  the  characteristic  difference 
of  two  types  was  most  marked,  there  we  would  find  the  most  marked 
expression  of  the  superiority  of  one  or  the  other.  And  surely  it  is 
the  absence  of  all  stiffness  at  the  center  of  the  three-hinged  arch,  and 
the  considerable  stiffness  at  the  center  of  the  two-hinged  arch,  which 
are  the  most  characteristic  contrasting  features  of  the  two.  If,  where 
these  are  most  marked,  we  find  economic  and  other  differences  small, 
how  much  less  will  they  become  as  these  differences  in  character 
become  less  marked.  It  must  be  remembered  that  the  writer  is  con- 
tending that  decided  advantages  in  economy,  stiffness  and  safety  are 
not  obtainable  through  the  use  oi  indeterminate  frameworks,  and, 
therefore,  that  other  considerations  favoring  determinate  construction 
decidedly  outweigh  any  small  advantages  in  these  directions  which 
indeterminate  structures  may  occasionally  possess.  It  is,  therefore, 
a  very  important  point  to  have  shown,  as  in  the  illustration  to  the 
paper,  that  even  in  an  extreme  case,  where  large  divergence  was  to 
be  expected,  actually,  it  was  small.  Therein,  in  part,  is  the  justi- 
fication for  the  statement  that  in  actual  and  usual  cases  the  differences 
will  be  much  smaller  still. 

We  now  come  to  another  point,  and  this  is  a  very  important  one, 
in  the  comparison  of  determinate  and  indeterminate  forms— the  ques- 
tion of  flexibility.  If  a  structure  be  very  flexible,  that  is,  permit  of 
relatively  very  considerable  changes  of  form,  if  it  is  an  indeterminate 
structure,  it  is  evident  that  the  importance  of  adverse  factors,  such  as 
temperature  changes,  yielding  supports  and  inaccurate  construction, 
will  be  greatly  lessened.  That  is  to  say,  in  slender  structures  the 
defects  of  indetermination  tend  to  become  negligible.  Now,  an  arch 
with  a  rib  depth  less  than  one  thirty-second  of  the  span  certainly  is  a 
slender  and  relatively  flexible  structure,  and,  if  arches  are  usually  of 
such  proportions  as  Mr.  Linden  thai  states,  then  they  are  usually  in 
the  category  of  structures  in  which  the  evil  consequences  of  indeter- 
mination are  minimized.  Ordinary,  stiffened  suspension  bridges  are 
also  in  this  category. 

Now,  these  flexible  types  really  form  a  class  by  themselves.  Their 
distortions  under  load  are  so  considerable  that  the  ordinary  theory  of 
rigid  structures  does  not  closely  apply  to  them.  The  terms  •*  static- 
ally determinate"  and  ** indeterminate "  cease  to  have  their  old 
meauings,  and  consideration  of  elastic  displacements  becomes  neces- 
sary in  all  cases.  It  is  true  that  such  consideration  is  not  ordinarily 
given,  but  that  is  chiefly  because  of  our  ignorance  and  its  difficulty — 
not  because  it  is  not  neededi 
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The  writer's  study  can  make  no  pretense  of  including  such  Mr.  cilley. 
structnres.  Based  on  the  application  of  the  principle  of  virtual  dis- 
placements, it  certainly  does  not  apply  when  tiie  actual  displacements 
result  in  very  sensible  directional  changes.  And  it  will  be  well,  at 
this  point,  to  eliminate  from  this  discussion  the  discussion  of  the 
comparative  merits  of  determination  and  indetermination  in  such 
structures.  It  is  an  interesting  subject,  but  occupies  a  field  by  itself. 
Here,  we  are  only  concerned  with  the  location  of  its  border  line.  The 
writer  ventures  the  temporary  suggestion  that  structures  whose 
changes  in  form  under  load  result  in  a  change  of  more  than  10^  from 
the  stresses  which  would  result  if  the  changes  in  form  were  insigni* 
ficant,  be  considered  as  of  the  class  of  flexible  structures  here 
excluded. 

Limiting  ourselves,  then,  to  the  consideration  of  non-flexible  struct- 
ures, the  writer's  statement  of  the  great  importance  of  temperature 
stresses  in  indeterminate  structures  is  well  founded,  and  his  illustra- 
tion with  the  deep  arch  a  proper  example.  The  suspicion  is  probably 
justified  that,  in  indeterminate  arches  in  which  the  temperature 
stresses  have  been  found  to  be  very  small,  the  distortions  are  actually 
very  considerable,  and  the  calculated  stresses  under  load,  obtained  in 
the  usual  ways,  far  from  expressing  the  actual  stresses. 
Mr.  Lindenthal  tells  us  that : 

*<  CompariBons  of  carefully  worked  out  designs  of  different  arch 
types,  made  by  him  and  others,  have  convinced  him  that,  other  things 
being  equal,  the  indeterminate  types  are  invariably  more  economical.  '* 
Without  questioning  his  sincerity  in  this  statement,  it  may  fairly 
be  asked  that  he  shall  produce  the  data  in  order  that  judgment  may 
be  passed  on  the  fairness  of  the  comparisons.  The  writer's  experience 
in  these  matters  is,  that  really  fair  comparisons  are  practically  un- 
known, not  because  of  prejudice  on  the  part  of  those  making  the  com- 
parisons, but  because  of  the  unconscious  introduction  of  unreasonable 
limitations.  Thus,  if  a  three-hinged  arch  is  to  be  designed  for  com 
parison  with  a  two-hinged  arch,  the  middle  hinge  is  usually  placed 
midway  between  the  top  and  bottom  chords,  or  at  the  bottom  chord, 
in  spite  of  the  obvious  fact  that  the  horizonal  thrust  is  diminished  by 
putting  the  hinge  as  high  as  possible;  that  is  to  say,  in  the  top  chord. 
Or,  if  it  is  a  comparison  of  the  three-hinged  arch  with  a  hingeless 
arch,  two  of  the  hinges  are  always  placed  at  the  abutments,  in  spite  of 
the  fact  that  it  may  be  decidedly  more  advantageous  to  put  them 
farther  out,  and  that  it  is  legitimate  to  do  this  and  subject  the  abut- 
ments to  a  bending  moment  which  they  would  have  to  resist  in  any 
event  with  the  hingeless  arch. 

Another  form  of  unfair  discrimination  is  that  mentioned  by  Pro- 
fessor Jacoby,*  where  he  speaks  of  the  designing  of  a  three-hinged 

*  Proceedings^  Am.  Soc.  C.  E.,  Vol.  xxv,  p.  717,  or  Tranaactions^  Am.  Soc.  C.  E.,  Vol. 
xllli,  p.  81. 
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Mr.Ciliey.  arch  to  compare  with  a  given  two-hinged  arch,  and  giving  the  sec- 
tions of  the  lower  chord  of  the  former  such  proportions  that,  in  spite 
of  its  being  heavier,  its  radins  of  gyration  averaged  4k%  less  than  that 
of  the  sections  of  the  lower  chord  of  the  two-hinged  arch.  In  spite  of 
this  fact,  however,  in  this  case  the  three-hinged  design  proved  slightly 
the  more  economical.  The  designing  of  the  cross-sections  is  a  most 
important  factor  in  fair  comparisons,  and  it  alone,  by  its  variation, 
may  easily  throw  the  balance  in  favor  of  one  type  or  the  other  in  the 
comparison  of  actual  designs.  This  fact  is  one  of  those  which  render 
the  comparison  of  actual  designs  so  unreliable  a  basis  for  determining 
the  relative  economy  of  types. 

We  now  come  to  a  point  on  which  Mr.  Linden  thai  correctly  insists, 
but,  the  writer  fears,  without  due  regard  to  proportion— the  fact  that 
changes  in  temperature  modify  the  stresses,  even  in  many  determinate 
frameworks,  contrary  to  the  prevalent  idea.  But  Mr.  Lindenthalgoea 
so  far  as  to  state  that : 

**  Three-hinged  arches  are  not  only  not  free  from  temperature 
strains,  but  for  certain  conditions  such  strains  are  just  as  large  as  in 
arches  of  the  two-hinged  type.  «  *  *  The  supposed  advantage  in 
that  respect  of  the  three-hinged  over  the  two-hinged  arch  is  illusory.'* 

While  the  changes  in  stress  resulting  from  temperature  (which  are 
not  precisely  temperature  stresses)  are  facts  and  should  be  considered, 
the  writer  feels  that  Mr.  Lindenthal's  quantitative  statements  should  be 
accompanied  by  the  data  on  which  they  are  based  so  that  we  may  see 
for  what  ^*  certain  "  conditions  these  stresses  accompanying  tempera- 
ture changes  are  so  considerable. 

If  we  look  into  these  so-called  temperature  stresses  of  Mr.  Linden - 
thai  a  little  closer  we  shall  note  that  they  are  simply  a  special  case  of 
the  modification  of  the  stresses  in  a  structure  resulting  from  changes 
in  its  form,  however  brought  about.  The  loadings  bring  about  such 
changes  in  form,  and,  as  previously  noted,  to  such  an  extent  in  the 
more  flexible  structures  that  the  ordinary  theofy  which  neglects  such 
changes  is  seriously  in  error.  Now  the  fact  is  simply  this,  that  struct- 
ures whose  figures  are  altered  seriously  by  temperature  changes  are 
likely  to  have  their  figures  altered  even  more  seriously  by  their  load- 
ing; that  is  to  say,  are  to  be  classed  among  the  flexible  structures 
mentioned  previously.  While  calling  attention  to  these  temperature 
changes  Mr.  Lindenthal  is  neglecting  other,  even  more  important, 
changes  which  occur  in  these  cases. 

And  another  fact  is  to  be  observed:  These  neglected  changes,  w^hether 
from  temperature  or  load,  occur  in  the  indeterminate  frameworks  as 
well  as  in  the  determinate,  and  add  their  effects  to  one  as  well  as  to  the 
other;  so  that  Mr.  Lindenthal's  neglected  factor  is  one  that  must 
be  applied,  both  to  the  indeterminate  and  the  determinate  frameworks. 
Very  flat  arches,  whether  three-hinged,  two-hinged  or  hingeless,  suffer 
serious  alteration  in  their  stresses  from  those  ordinarily  determined. 
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through  their  flattening  very  sensibly  further,  whether  from  fall  of  Mr.  cuiey. 
temperature  or  from  the  application  of  the  loads.  It  is  a  mistake  to 
suppose  that  the  present  usual  theory  of  indeterminate  structures  takes 
this  flattening  into  account,  whether  in  connection  with  temperature  or 
load  stresses.  Actually,  it  neglects  it  as  completely  as  does  the  ordinary 
theory  of  determinate  structures.  To  see  this  and  to  enable  us  to  form 
a  better  idea  of  these  alterations  of  stress,  we  must  develop  their  theory. 

Theoby  op  Changes  op  Stress  in  Frameworks  Dub  to 
Changes  in  Form. 

Suppose  we  denote  by  P  the  loads,  by  8  the  stresses,  by  R  the 
reactions,  and  by  a  the  angles  of  the  bars,  loads  and  reactions  with  (say) 
the  horizontal,  confining  ourselves  here,  for  simplicity,  to  plane  frame- 
works. Then,  as  we  know,  we  have,  on  the  ordinary  supposition  of  no 
appreciable  change  in  form  of  the  framework  under  load,  equations  for 
each  joint,  of  the  form  : 

2  P  cos.  a-^:S  R  COS.  a  +  :S  8  cos.  a  =  0  )  r^v 

2Psin.  a-f-:Si2sin.  tr+  ^^sin.  a==0  f 

But  if  the  framework  actually  does  change  in  form  and  the  a 
become  a  +  A^,  the  8  become  8  +  ^^j  the  R  become  R  +  Jj^,  and  the 
P  become  P  -f-  Jp,  then  our  joint  equations  become  : 

2(P  +  Jp)  cos.  (cx  +  J^)+2(R  +  Jj^)  COS.  {a  +  ^J -j- ' 

2(8+Jg)cos.(a  +  JJ=0, 
2  (P  +  J  )  sin.  (a  +  J  J  +  2  (R^  J^)  sin.  (a  +  JJ+ 

2{8+Jg)sm.ia  +  JJ=--0.  *       . 

Each  of  these  terms,  as  (8  +  Jg)  cos.  (a  +  J  J  may  be  expanded  as 
(8 -}-  Jg)  COS.  (a  +  -^a)  =  ^  ^^s-  ^^  ^^^-  -^o  —  'S'sin.  a  sin.  J^  +  ^,9 
COS.  a  COS.  ^^  —  Jg  sin.  a  sin.  J^  . 

Now  suppose  the  J  all  relatively  small,  then  we  could  write 
{8  +  Jg)  cos.  {a  +  J^)  =  8  COS.  a  —  J^  8  sin.  a  -f-  J,^  cos.  a,  and 
similarly  with  the  other  terms  of  (B),  and  taking  Equations  (A)  into 
consideration  we  thus  obtain  from  Equations  (B)  the  difference  equa- 
tions for  each  joint: 

2  Jp  COS.  a-i-  2  Jj^  COS.  a  +  2  Jg  cos.  a  —  ^  ^^  ^  ^^*  ^ 
—  2J^R  sin.  a'-'2  J^  8%m.  ix  =  Q 

a  a 

2  Jp  sin.  a-^-  2  Jj^  sin.  a  +  2  /ig  sin.  a  -{-  2  J^  P  cos.  a 
+  2  J    R  COS.  a  +  2,  J   8  cos.  a  =  0 


....(B) 


.(C) 


If  the  framework  be  determinate,  then,  since  the  P  and  a  are  known, 
the  R  and  8  determinable  from  the  Equations  (A)  or  their  equivalents. 
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Mr  caiey.  the  ^^  (except  for  the  reactions)  very  approximately  determinable  from 
the  elastic  displacements  of  the  joints,  for  the  given  materials  and 
sections,  due  to  the  stresses  S,  temperature  and  other  causes,  and  the 
Ap  either  zero  or  definitely  related  to  these  displacements,  Equations 
(C)  suffice  to  determine  our  remaining  unknowns,  that  is  to  say,  the 
quantities  -:^„,  ^  ^     and  J  „. 

The  above  result  suffices  for  the  solution  of  the  problem,  but  it 
is  capable  of  an  exceedingly  simple  and  objective  interpretation 
which  extends  at  once  to  the  calculation  of  these  changes  in  stress 
in  all  the  methods  and  resources,  graphical  and  analytical,  already 
developed  for  the  calculation  of  the  ordinary  stresses.  Consider  the 
following: 

If  we  inspect  Equations  (C)  and  compare  them  with  Equations  (A) 
we  perceive  that  they  are  simply  the  equations  of  equilibrium  at  the 
joints  of  the  given  framework  subject  to  the  loads  formed  by  taking 
the  changes  in  the  original  loads,  together  with  the  further  loads  J^  S 
at  right  angles  to  the  corresponding  bars.  The  resulting  stresses  in  the 
framework  under  these  loads  are  the  desired  changes  in  stress.  So  we 
have  only  to  find  this  differential  loading,  which  is  readily  done  when 
the  displacements  of  the  joints  have  been  determined  (as  by  a  Williot 
diagram),  and  then  we  may  proceed  with  the  solution  of  the  stresses  by 
any  of  the  usual  methods,  graphical  or  analytical,  obtaining  thus  the 
change  in  stress  resulting  from  change  in  form  of  the  framework,  in  the 
case  of  any  determinate  framework. 

Applying  the  foregoing  to  the  three>hinged   arch  of  the  second 

illustration  of  the   paper,   to  determine   the  changes   in  stress   due 

to  change  in  figure  resulting  from  a  fall  in  temperature,  we  have 

the  following  :   For  a  fall  in  temperature  of  100<^  Fahr.,  if  the  arch 

did  not  alter  its  form,  we  would  have  a  reduction  of  span  of  0.4  X 

0.065  ft.  (see  page  616*)  and  a  consequent  descent  of  the  middle  hinge 

12 
of  TTi  of  this,  or  0.12  x  0.065  ft.     But  we  suppose  the  span  actually 

remains  constant,  and  therefore  the  middle  hinge  must  sink  further, 

20 
0.2  X  0.065  X  j2  =  0.333  X  0.065  ft.     The  total  sinking  of  the  middle 

joint  will  therefore  be  (0,333  +  0.120)  x  0.065  ft.  =  0.030  ft.,  nearly. 

That  is,  all  bars  of  the  left  half  will  rotate  through  the  common  angle, 

.        _,0.030X20         .        _i    0.6         .        -innAiino/i.      *  oi      •      x     x 
tan.    *  908   J    lot  =  **^-      "iui  —  **"^*       0.001103  (about  3|  mmutes), 

in  a  right-handed  direction,  and  all  bars  of  the  right  half  will  rotate 
through  the  same  angle  in  a  left-handed  direction. 

Consider,  first,  the  eonsequeut  changes  in  the  stresses  under  a  full 
loading  of  P  on  each  joint  (loading  2/,  C,  R). 

*Proceeding8,  Vol.  xxv. 


Digitized 


byGoogk 


PkpexB.]    DI80C8SIOK  ON  IKDETSBUINATB  FBAUEWOBKS. 


487 


s  X  1.007  p  X  aocnios 


We  haye  in  Fig.  15a  the  differential  loading  for  this  case  and  the  Mr.  Ciliey. 
reanlting  stresses  which  are  the  changes  in  stress  sought.  The  valne 
of  J  (R  COS.  a),  or 
the  change  in  the 
horizontal  thmst,  not 
given  in  Fig.  15«,  is 
0.00444  P,  which  per- 
mitB  of  ready  verifica- 
tion- Next  consider 
the  loading  C  R  (P 
on  center  and  right 
joints)  under  which 
bars  &,  c  and  e  (see 
Fig.  2)  have  their 
greatest  stresses. 

We  have,  in  Fig.  * 
16b,  the  corresponding 
differential  loading 
and  fche  resulting 
stresses  in  the  bars  b, 
c  and  e,  which  are  the 
changes  in  stress  in 
these  bars  sought. 
The  .  change  in  the 
horizontal  component 
of  the  reaction  in  this 
case  is  found  to  be  J 
(R  COS.  a)  =  0.003125 
P,  which  may  easUy 
be  verified  otherwise. 

Putting  down  the 
changes  in  stress  in 
the  bars  a  and  c?  under 

the  loading  L  C  R,  and  in  6,  c  and  e  under  the  loading  G  R  (and  L  C) 
we  have,  in  Fig.  15c,  the  additions  to  the  maximum  stresses  to  be 
made  on  account  of  a  change  in  temperature  of  100^  Fahr.  Compare 
this  with  Fig.  15.  Taking  a  change  in  temperature  of  only  50°  Fahr. 
(that  is,  a  range  of  temperature  of  100^  Fahr.),  as  in  the  case  of  the 
two-hinged  arch,  we  find  our  additions  are  (compare  Fig.  10)  0.09%  in 
bar  e,  as  against  22%  for  the  two-hinged  arch;  0.09!^^ 
20« 


yo  lyjs:  Mxixj  bwu-iiuui^ou  arcu,  yj,\tu}Q  in  bar  c  as  agaiust 
0 ,  0.09%'  in  bar  b  as  against  10%;  0.09%  in  bar  a  as  against  11%; 
0.085%  in  bar  d  as  against  6%,  to  say  nothing  of  no  stress  here  to 
compare  with  the  45%  temperature  stress  in  bar  z  of  the  two-hinged 
arch. 

This  comparison,  showing  the  stresses  in  the  case  of  the  three-hinged 
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Mr.  Cilley.  arch  resulting  from  temperattire  changes  to  be  only  about  one-two 
hundredth  of  the  ordinary  temperature  stresses  of  the  two-hinged  arch, 
will  be  found  a  sufficient  answer  to  Mr.  Lindenthal*s  statement: 

**  If  the  author  will  trace  the  strains,  due  to  the  falling  and  rising  of 
the  center  hinge  from  changes  of  temperature,  he  will  find  them  bj  no 
means  of  negligible  smaUness,  even  for  the  large  ratio  of  rise  to  span  in 
his  inconclusive  figure." 

But  this  is  not  alL  The  "temperature"  (?)  stresses  we  have  just 
traced  out  in  the  three-hinged  arch  also  occur  in  the  two-hinged  arch, 
in  addition  to  those  already  calculated.  Let  us  now  develop  the  theory 
of  these  changes. 

The  theory  of  the  changes  of  stress  in  indetei*minate  frameworks  due 
to  changes  in  form  is  not  quite  so  simple  as  that  for  the  determinate 
frameworks  just  set  forth,  but  is  based  on  the  latter.  At  a  fii*st  glance 
it  would  appear  that  one  might  simply  find  the  differential  loading  for 
the  indeterminate  framework,  and  thence  obtain  the  changes  in  stress 
sought  simply  as  the  stresses  in  the  given  indeterminate  framework 
under  this  differential  loading,  on  the  supposition  of  no  stress  under  no 
loading.  But  this  is  not  quite  correct  as  the  following  analysis  will 
show. 

We  have  seen  (page  557*),  that  the  difference  of  the  figure  length  L^ 
from  the  actual  length  /^  of  a  superfluous  bar  is  expressed  by  the 
equation 

--s:^_     _ 

provided  only  negligible  changes  in  direction  of  the  bars  occur.  If,  as 
a  result  of  the  actual  changes  in  direction  of  the  bars,  the  stresses 
actually  become  iS^-f  J^  and  the  coefficients  /6y'<')  become  8/  W  -\-  A^  (^ 
then  we  must  have 

/=m(^/(0  +  i  A      ,,,)  {8,+  A     )  If         ^       ^ 
^  ^-^ ^ =  h-h (E) 

And  supposing,  as  before,  that  the  A  are  small,  we  readily  derive  the 
simple  difference  equations 

These  Equations  (F)  together  with  Equation  (C)  actually  determine 
the  changes  in  stress,  A^  .     The  second  term  on  the  left-hand  side  of 

Equations  (F),  which  would  have  to  be  zero  if  the  A^    were  simply  the 

stresses  for  the  differential  loading  on  the  supposition  of  no  stress  under 
no  load,  shows  the  error  that  supposition  would  involve. 

Instead  of  the  purely  analytic  procedure  of  combining  Equations 
i^F)  and  ((7),  the  following  procedure  is  likely  to  prove  preferable. 

♦  Proceedings^  Vol,  xxv. 
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The  stresses  in  tne  non-euperfluous  bars  are  expressed  in  terms  of  Mr.  CiUey. 
those  in  the  su  perflnons  bars  by  the  equations  (see  p.  582*). 

'Sr  =  'S:/o+]j"«i«r"" (») 

on  the  supposition  of  no  change  in  form.     Actually,  we  must  have 

and  again,  supposing  the  J  small,  these  equations  give  the  difference 
equations 

(  s  m  i  =  m 

Now  these  Equations  (K),  together  with  Equations  (F),  may  form 
the  basis  of  our  solution.     In  them  the  J^   are  the  quantities  sought. 

The  Jg    being  the  changes  in  stress  of  the  framework  composed  of  the 

non-superfluous  bars,  under  the  given  loading,  due  to  the  change  of  its 
form  for  the  joint  displacements  of  the  given  indeterminate  framework 
under  that  loading;  and  the  J^.  (,  being  the  corresponding  changes  in 

the  coefficients  S'  ^*K    These  are  both  determinable  by  the  method  for 

determinate  frameworks,  explained  previously. 

As  to  the  solution  of  Equations  (F)  and  (K)^  besides  the  analytic 
methods,  we  may  readily  apply  to  them  any  of  the  usual  graphic 
methods  for  the  determination  of  stresses  in  indeterminate  frame- 
works. The  similarity  of  their  forms  to  those  of  the  equations  for 
stresses  in  indeterminate  frameworks  will  suggest  the  manner  of  utiliz- 
ing the  same  methods.  Thus  one  may  take  advantage  here,  as  in  the 
case  of  the  calculation  of  changes  in  stress  accompanying  changes  of 
form  in  determinate  frameworks,  of  all  the  accumulated  methods  and 
resources,  graphical  and  analytical,  now  in  our  hands  for  the  calcula- 
tion of  the  ordinary  stresses  on  the  supposition  of  no  change  in  form. 

The  writer  regrets  that  his  present  limited  time  prevents  his  illus- 
trating the  use  of  these  methods  by  a  calculation  of  the  additional 
stresses  in  the  two-hinged  arch  of  the  paper,  resulting  from  the 
flattening  of  that  arch  accompanying  a  fall  of  temperature.  It  is  evi- 
dent, however,  that  they  would  be  quantities  of  the  same  proportions 
AS  those  already  found  for  the  three-hinged  arch. 

In  concluding  this  brief  exposition  of  the  theory  of  the  calculation 
of  changes  in  stress  in  frameworks  accompanying  small  changes  io 
form,  the  writer  believes  he  can  commend  its  use  for  cases  where  the 
actual  changes  are  really  quite  considerable,  that  is  to  say,  for  the 
approximate  calculation  of  the  corrections  to  be  given  for  the  stresses  in 
flexible  frameworks,  as  slender  arches  and  stiffened  suspension  bridges. 

*  Proceedings^  Vol.  xxv. 
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Mr.ciiiey.  Although  the  "work  is  laborious,  it  is  only  laborious  in  the  same  vf&j 
and  degree  as  the  work  of  the  usual  methods  for  the  ordinary  calcu- 
lations on  which  it  is  based,  and  it  certainly  is  far  simpler  than  the 
application  of  higher  mathematics  called  for  by  the  present  rudiments 
of  methods,  proposed  or  used  in  such  cases.  The  somewhat  sketchy 
character  of  the  writer's  present  exposition  he  trusts  will  be  pardoned 
as  the  treatment  of  the  subject  here  given  is  wholly  new,  so  far  as  the 
writer  knows,  and  was  developed,  at  very  brief  notice,  by  him,  for 
this  discussion. 


Before  leaving  the  subject  of  temperature  stresses  the  writer  desires 
to  note  his  exception  to  Mr.  Lindenthars  quantitative  statement  regard- 
ing the  extra  material  required  to  meet  the  three-hinged  arch  temper- 
ature stresses  in  the  cases  of  the  Washington  arch  and  of  the  Niagara 
Falls  road  bridge  (or  Clifton)  arch.  Such  claims  are  too  easily  made 
to  be  acceptable  when  unaccompanied  by  any  figures  in  their  support, 
and,  above  all,  when  rendered  doubtful  by  general  analysis,  as  in  the 
present  case. 

To  Mr.  Lindenthal's  claim,  that  **a  proper  comparison"  of  the 
strain  sheets  **of  the  two  types  of  arch  treated  by  Mr.  Cilley  "  (two 
and  three-hinged),  demands  a  correction  ''for  the  large  bending  mo- 
ments resulting  from  the  immobility  of  the  hinges,  incorrectly  ignored 
by  him,  '*  the  writer  feels  that  he  must  strongly  take  exception.  Mr. 
landenthal  forgets  that  in  the  paper  it  was  particularly  specified  that 
only  ideal  frameworks  with  frictionless  joints  were  under  considera- 
tion. Moreover,  the  pin  is  not  a  necessary  connection  member  for 
this  purpose.  Thin  plates  have  not  only  been  proposed,  but  also  used. 
In  the  Eaisersteg  bridge*  at  Oberschoenweide,  near  Berlin,  designed 
by  Miiller-Breslau,  such  a  plate  hinge  was  used,  and  in  France  an 
entire  set  of  joints  has  been  constructed  recently  with  such  plates,  in 
a  bridge  of  132-ft.  span,  described  in  the  Annalesdes  Fonts  et  Chaussees. 
Thus,  while  a  correction  is  necessary  where  pins  are  used,  they  are 
really  unnecessary  indeterminate  adjuncts,  and  therefore  are  not 
properly  to  be  considered  in  such  a  comparison  as  that  made  in  the 
paper. 

Mr.  Lindenthal  says  that  temperature  stresses  and  hinge  friction 
require  additions  to  the  sections  of  both  two  and  three-hinged 
arches,  which  cannot  be  ignored,  and  follows  this  with  the  some- 
what extreme  statement — **  When  made  (these  additions))  the  two- 
hinged  arch  will  in  every  case  show  great  economy  over  the  three- 
hinged  arch."  Again,  the  writer  feels  that  we  are  entitled  to  the 
figures  in  proof  of  this  bare  assertion.  The  analytic  considerations, 
thus  far  exposed,  by  no  means  support  it. 


*  Described  in  The  Engineering  Record  of  Feb.  17, 190U. 


Digitized 


byGoogk 


Papers.]    msCUS8I0N  ON  INDBTERHIKATE  FBAHEW0BK8.      '      491 

Mr.  Lmdenthal  holds  that  it  ''is  not  necessary,  either  for  safety  or  Mr. Cilley. 
economy, '*  that  the  strains  in  an  indeterminate  framework  ''be  deter- 
mined with  the  same  exactness  as  in  statically  determined  stractnres. " 
If  Mr.  lindenthal  thus  unfairly  favors  indeterminate  designs,  it  may 
well  be  that  he  will  find  in  them  the  higher  economy  he  claims,  bnt  it 
is  certainly  competent  for  the  opponents  of  such  designs  to  take  excep- 
tions to  such  procedure.  It  must  be  remembered  that  it  does  not  take 
much  favoring  to  eat  up  the  small  margin  of  a  few  per  cent,  which 
will  ordinarily  limit  the  di£ference  in  material  required  in  the  two 
cases.  The  smallness  of  this  difference  is  precisely  the  reason  why  the 
writer  argues  rather  the  lack  of  economic  advantage  in  the  use  of  inde- 
terminate forms,  than  its  presence  in  the  use  of  the  determinate  forms. 

Mr.  Lindenthal  states  that  */  no  failures  of  bridges,  caused  by  their 
indeterminateness,  have  y^t  occurred."  Has  he  not,  perhaps,  over- 
looked some  cases  ?  Partial  failures  due  to  indetermination  have  been 
anything  but  wanting.  Many  a  weak  member  has  been  broken  or  has 
broken  its  connection  when  carried  along  by  the  movement  of  some 
heavy  member  to  which  it  was  improperly  attached ;  many  a  case  of 
initial  strain,  permitted  by  the  use  of  redundant  members,  has  resulted 
in  rupture;  many  a  continuous  floor  system  has  failed  in  the  rivets, 
under  the  stresses  actually  coming  upon  it,  for  which  it  was  not 
designed;  and  in  accidents  like  the  buckling  of  the  lower  chords  of  the 
stiffening  trusses  of  the  Brooklyn  bridge  over  the  towers,  we  have 
illustrations  of  the  consequences  of  indetermination  in  the  case  of  more 
important  parts.  It  may  be  said  that  these  were  due,  not  to  the  use 
of  indeterminate  construction,  but  to  faulty  calculation,  or  neglect  to 
calculate  at  all,  or  to  faulty  adjustment.  But  these  things  arose 
purely  from  the  indetermination  and  may  therefore  properly  be 
charged  against  it.  Far  from  indetermination  never  being  a  cause  of 
failure,  it  has  been  a  fruitful  cause,  especially  in  other  structures 
than  bridges,  where  temperature  strains  have  worked  havoc. 

We  now  come  to  the  last  of  Mr.  Lindenthal's  objections,  which  is  to 
deflection  as  a  criterion  of  rigidity.  He  says:  "What  is  a  rigid 
bridge  ?  If  we  take  rigidity  in  metallic  bridges  to  mean  absence  of 
vibration,  then  deflections  are  a  deceptive  criterion. " 

If  this  were  merely  a  question  of  difference  of  definition  of  the 
word  "rigidity,"  it  would  have  no  further  importance,  but  Mr.  Lin- 
denthal continues:  "  The  public  considers  a  bridge  which  vibrates,  as 
an  inferior  structure;  and  one  which  does  not,  as  a  superior  one. 
This  ought  to  be  the  guide,  also,  to  the  engineer. "  But  this  argu- 
ment of  "  Vox  pqpuli  vox  Dei  "  is  hardly  convincing,  and  Mr.  Lin- 
denthal's  illustrations  only  serve  to  increase  the  writer's  distrust. 

Vibration,  far  from  being  an  indication  of  anything  defective,  is 
the  evidence  of  a  highly  elastic  and  rigid  constitution.  Only  rigid 
and  elastic  large  bodies  vibrate  rapidly,  and  therefore,  in  a  fashion 
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Mr.  Cllley.  very  noticeable  to  us.  The  yibrations  of  a  slaok  rope  are  not  marked, 
but  it  is  scarcely  rigid.  A  Peruvian  rope  suspension  bridge  is  not 
notable  for  its  vibration,  but  even  the  public  would  scarcely  regard  it 
as  superior.  Many  a  loose-jointed  wooden  structure  is  free  from 
vibration,  while  in  similar  metal  structures  it  is  most  marked,  but 
the  wooden  structure  is  hardly  therefore  the  superior  one. 

Wherever  great  rigidity,  elasticity  and  lightness  go  together, 
vibration  is  likely  to  be  noticeable.  Where,  on  the  contrary,  there 
is  loose  or  slack  construction,  imperfect  elasticity  and  great  mass, 
vibration  will  be  imperceptible.  The  writer  can  scarcely  believe  that 
Mr.  Lindenthal  had  seriously  considered  the  bases  of  vibration  before 
he  thus  proposed  it  as  the  criterion  for  distinguishing  bad  from  good 
construction.  Large  deflections,  which  mean  flexible  construction, 
really  are  objectionable,  because  they  interfere  seriously  with  high 
speeds,  and,  moreover,  allow  of  dangerous  swaying  in  high  winds. 
But  rapid  vibration  is  an  evil  affecting  the  imagination  far  more  than 
it  affects  the  structures.  Moreover,  Mr.  Lindenthal's  illustrations 
show  that  marked  vibration  occurs  equally  in  indeterminate  and 
determinate  structures.  It  is,  in  fact,  a  matter  largely  independent 
of  the  presence  or  absence  of  superfluous  bars. 

In  concluding  this  part  of  his  reply,  the  writer  feels  justified  in 
protesting  at  the  statements  wholly  unsupported  by  evidence,  and 
some  of  which  analysis  has  shown  to  be  incorrect,  which  characterize 
this  part  of  the  discussion.  It  was  his  hope  that  those  who  made 
counter  claims  to  the  arguments  in  the  paper  would  adduce  their 
evidence  in  such  form  as  to  permit  of  its  independent  consideration. 
In  the  absence'of  such  evidence  it  can  scarcely  be  expected  that  these 
claims  will  receive  much  consideration,  and,  certainly,  we  cannot  be 
expected  to  accept  them. 

In  replying  to  Professor  Bitter's  comments,  the  writer  desires  to 
express  at  the  outset  his  appreciation  of  the  very  fair  and  reasonable 
position  taken  by  him,  as  well  as  of  the  entire  absence  of  any  misap- 
prehension or  misconstruction  of  the  paper  in  these  comments.  In 
the  hands  of  men  as  able  and  as  honest  as  Professor  Bitter,  the  use 
of  indeterminate  frameworks  loses  many  of  its  objections.  But,  since 
few  engineers  favoring  indeterminate  construction  are  equally  well 
informed  and  fewer  are  as  fair,  its  use  is  generally  subject  to  the  full 
force  of  the  writer's  objections. 

Some  of  the  points  touched  on  by  Professor  Bitter  have  been  con- 
sidered by  the  writer  in  his  reply  to  Mr.  Lindenthal,  but  there  remain 
several  points  which  it  is  desirable  to  consider  here. 

The  shorter  unsupported  lengths  of  the  struts  is  an  advantage 
which  has  frequently  been  cited  in  connection  with  lattice  webbing, 
and  as  a  justification  of  the  Enropean  custom  of  riveting  members  to- 
gether wherever  they  may  cross.     But  it  seems  to  be  questionable 
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whether  the  apparent  advantage  thus  obtained  is  not  illuaoTj.  As  was  Mr.  Cilley. 
long  ago  pointed  out  by  Maurice  Levy,  the  uae  of  multiple  systems  of 
webbing  results  in  a  reduction  of  the  sections  of  the  posts  which  may 
well  much  more  than  ofbet  the  reduction  of  free  length  due  to  attach- 
ment at  points  of  intersection.  '  And  this  is  apart  from  the  fact  that 
the  free  lengths  for  side  deflections  (deflections  out  of  the  plane  of  the 
truss)  are  not  reduced  through  this  arrangement  in  anything  like  the 
degree  that  the  free  lengths  for  deflections  in  the  truss  planes  are  re- 
duced. But  this  is  not  all.  Such  attachment  of  points  of  intersection 
results  in  bending  moments  (when  it  does  not  result  in  anything 
more),  wLich  are  rarely  if  ever  considered,  although  sometimes  very 
large.  When  these  ftre  taken  into  consideration  it  will  be  found  that 
the  consequent  added  secondary  stresses  much  more  than  offset  any 
advantage  from  shortened  free  length.  Moreover,  this  practice  of  riv- 
eting every  member  to  every  other  member  wherever  there  is  a 
chance  becomes  a  wholly  indiscriminate  and  blind  action  which  some- 
times entails  serious  unforeseen  results,  and  has  been  responsible  for 
no  small  part  of  the  failures  in  indeterminate  construction.  The  fact 
that  not  more  than  two  passing  membeis  can  be  connected  at  the  same 
point  without  entailing,  in  addition  to  bending  stresses,  direct  axial 
stresses,  is  usually  overlooked  or  not*appreciated. 

The  writer's  view  is,  that  as  far  as  possible  we  should  design  only 
as  we  can  and  do  calculate  and  understand,  and  that  the  procedure  be 
IS  now  criticising,  the  consequences  of  which  are  neither  calculated 
nor  understood,  should  be  put  aside  by  all  who  prefer  the  guidance  of 
their  intelligence  to  slavish  copying  of  ill-founded  methods  of  the 
past.  Some  day  it  will  be  recognized  that  every  unnecessary  connec- 
tion is  only  an  added  restraint  upon  the  free  exercise  of  function,  and 
that,  as  the  writer  has  elsewhere  pointed  out,  **  Statical  indetermination 
in  a  structure  is  always  to  be  regarded  as  self-interference  with 
efficiency." 

In  regard  to  the  objections  to  the  expense  of  hinges,  constructed  as 
at  present,  with  pins,  the  writer  ventures  to  suggest  that  this  diffi- 
culty, as  well  as  that  of  the  shocks  at  the  hinges,  mentioned  by  Pro- 
fessor Ritter,  may  be  overcome  by  the  substitution  of  thin  plates  for 
pins.  Flexible  joints  by  no  means  depend  on  the  use  of  pins  for  their 
realization,  as  is  so  commonly  assumed. 

Regarding  discrepancies  of  length  of  members,  the  writer  would 
point  out  the  consequences  in  this  direction  which  the  theory  of  pro- 
bability tells  us  we  must  expect.  We  know  that  an  error  e  in  the 
length, of  any  member  of  a  statically  determined  framework,  will 
change  the  distance,  between  any  two  of  its  joints  not  directly  con- 
nected, by  the  amount  4S''£  (where  S'  is  the  stress  in  the  member  due  to 
a  pair  of  equal  and  opposite  forces  of  unity  applied  each  at  one  of  the 
two  joints).     Now  suppose  each  bar  /  has  a  corresponding  probable 
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Mr.CiUey.  error  £^  in  its  length  (which  error  may  equally  well  be  +  or  — ),  then 
the  probable  resultant  error  /i,  in  the  distance  between  the  two  joints, 
as  a  consequence  of  all  these  probable  single  errors  Sp  we  know  from 
the  theory  of  probability  will  be 

Let  us  apply  this  to  an  example: 

Suppose  we  have  a  two-hinged  arch  of,  say,  500  ft.  span,  and  90  ft. 
rise,  with  parallel  chords  15  ft.  apart,  and  that  it  is  built  out  from  the 
abutments  to  meet  at  the  center.  Suppose  that  we  have  forty  panels 
and  that  the  probable  error  of  each  member  is  only  -^  in.  This  is 
moderate  for  even  the  best  of  work,  that  is  to  say,  with  all  lengths 
determined  by  milled  surfaces  brought  into  contact  for  riveted  joints, 
or  with  pin  bearings,  as  very  careful,  repeated  measurements  made  by 
the  writer  with  an  excellent  steel  tape,  firmly  clamped  at  one  end  and 
subject  to  a  uniform  pull  by  means  of  a  spring  balance  at  the  other 
end,  have  convinced  him.  For  simple  riveted  connections  the  work 
would  be  sensibly  less  accurate.  Here  it  will  readily  be  seen  that  the 
average  value  of  S'  for  the  chord  members  is  about  two-thirds,  while 
thait  for  the  web  members  is  less  than  one-fifteenth,  but  more  than 
one-twentieth.  There  will  be  80  chord  members,  which  alone  would 
cause  a  probable  error  in  the  closing  middle  chord  bar  of 

With  a  simple  triangular  system,  as  we  will  suppose,  there  would 
also  be  about  80  web  members,  and  taking  for  them  the  smaller  average 
value  of  S*  as  one-twentieth,  the  probable  error  in  closing  of  the  middle 
chord  bar  due  to  their  errors  would  be 

The  resultant  probable  error  for  both  chords  and  webbing  would  be 


V    \32/      ■•■  (i28/ 


(since  chord  and  web  members  are  equally  numerous)  or  practically 
)^  in.,  as  for  the  chords  above.  This  gives  an  idea  of  what  may  be 
expected  in  the  final  result  from  a  given  degree  of  accuracy  of  work- 
manship, and  so  tells  us  what  degp'ee  of  accuracy  it  is  necessary  to 
maintain  in  a  given  case.  Some  such  method  should  be  used  where 
indeterminate  frameworks  are  constructed. 

Professor  Bitter  states  that  ''In  general,  structures  with  hinges 
(arches  or  cantilevers)  are  less  stiff  than  those  without  hinges. "  The 
writer  feels  that  this  statement,  reasonable  as  it  appears  at  first 
glance,  cannot,  after  all,  be  so  readily  accepted.  It  involves,  first,  the 
question  of  what  are  comparable  structures;  and,  second,  the  ques* 
tion  of  what  basis  of  judging  stiffiiess  is  to  be  used.    Confining  our- 
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selyes  to  deflections  for  this  latter,  as  the  writer  has  done,  there  still  Mr.CUley. 
remains  the  question  of  where  the  deflections  are  to  be  taken.  It  does 
not  suffice,  particularly  with  arches,  to  compare  only  center  deflec- 
tions, for  the  deflections  of  non-central  points  due  to  non-symmetric 
loadings  are  likely  to  be  larger  than  those  at  the  center,  as  in  the 
writer's  illustration.  Such  being  the  case,  how  shall  we  combine  these  ? 
Shall  we  take  the  average  of  deflections  at  a  series  of  giyen  intervals, 
or  shall  we  simply  compare  the  greatest  deflections  wherever  occur- 
ing  ?  The  writer  would  again  refer  to  his  remarks  on  page  585,*  in 
this  connection. 

In  concluding  this  reply  to  Professor  Bitter,  the  writer  would  sug- 
gest that  perhaps  <<the  extensive  adherence  of  American  engineers  to 
stiff  joints  in  upper  chords,  as  well  as  rigid  attachment  of  floor-beams, 
stringers  and  lateral,  portal  and  sway  bracing,"  is  largely  due  to  prac- 
tical (shop)  considerations,  together  with  recognized  objections  to  the 
use  of  pins  in  many  cases,  e8i)ecially  where  adjustable  members  would 
be  introduced.  The  abuse  of  adjustable  members  has  proved  to  be  a 
serious  matter  in  this  country.  The  writer  has  been  informed  of  a 
case  where  a  section  of  the  bottom  chord  was  relieved  of  its  part  of  the 
stress  and  made  slack  by  the  over-tightening  of  counters.  And,  as  ia 
well  known,  small  counters  and  their  connections  are  often  seriously 
overstrained  in  this  manner. 

Perhaps,  when  a  practical  system  of  making  connections  with  thin 
plates  has  been  developed,  a  matter  which  will  require  much  time  and 
experience,  even  with  the  best  of  good  will  on  the  part  of  designers, 
engineers  will  sufficiently  appreciate  its  merits  in  eliminating  second- 
ary stresses,  to  give  it  preference  over  the  present  system  of  deceptive 
connections,  whose  strength  is  always  much  less  than  it  is  supposed  to 
be,  and  whose  additions  to  stiffaess  are  only  obtained  at  the  exi)ense 
of  notable  and  unconsidered  increases  of  stress  in  the  main  sections. 

The  comments  of  Professor  Dietz  are  directed  principally  to  point- 
ing out  what  numerous  factors  enter  into  the  final  determination  of  the 
cost  of  a  structure.  To  these  the  writer  at  once  assents,  but  he  dis- 
covers in  them  little  or  nothing  affecting  the  validity  of  the  arguments 
he  has  advanced  in  the  paper.  Most  of  the  factors  mentioned  by  Pro- 
fessor Dietz  are  equally  factors  with  both  determinate  and  indetermin- 
ate frameworks,  and,  therefore,  do  not  influence  their  comparison, 
provided  only  that  in  any  detailed  comparison  of  two  designs  they  are 
actually  made  equally  factors  in  the  two  cases.  As  to  the  fact  that  the 
superstructure  is  only  an  element  of  the  total,  as  far  as  it  is  of  moment 
at  all,  it  is  a  factor  wholly  favorable  to  determinate  construction. 
Nothing  like  as  carefully  built  and  expensive  foundations  and  supports 
are  required  for  the  determinate  as  for  the  indeterminate  structures. 
The  writer  knows  of  no  practical  factor  except  the  large  (?)  expense  of 
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Mr.  Cilley.  pins  which  can  be  cited  as  adverse  to  determinate  construction,  and, 
aside  from  the  fact  preyionslj  noted,  that  their  nse  is  not  necessary, 
the  saving  in  cost  of  erection  resnlting  from  it  maj  exceed  the  cost  of 
manufacture. 

Regarding  Professor  Dietz's  detailed  comparison  of  a  two  and  three- 
hinged  arch,  the  writer  begs  to  note  that  the  placing  of  the  middle 
hinge  below  the  top  chords  has  very  probably  deprived  the  three-hinged 
arch  of  a  very  legitimate  advantage  it  might  have  had.  Moreover, 
nntil  we  know  how  the  sections  were  determined  we  cannot  know 
whether  the  comparison  is  really  fair  in  this  respect.  These  consider- 
ations affect  the  stated  deflection  also,  but  it  is  in  a  further  respect 
misleading.  It  is  simply  the  middle  deflection  and,  as  previously 
noted,  very  possibly,  if  not  probably,  is  not  the  gp*eatest  deflection. 

Finally,  the  writer  is  not  inclined  to  agree  at  all  with  Professor  Dietz's 
apparent  view  that  only  statistical  comparisons  of  numerous  complete 
projects  can  be  conclusive.  There  is  not  now  and  there  probably  will 
not  be  (in  the  writer's  opinion)  within  the  next  century,  enough  fau*ly 
comparable  data  to  enable  a  definite  conclusion  to  be  drawn  therefrom 
respecting  the  relative  merits  of  determinate  and  indeterminate  frame- 
works in  general.  Worked-out  cases  are  almost  invariably  not  fairly 
comparable.  The  writer  holds  that  the  best,  the  most  reliable,  if  not 
the  only  fair  basis  of  comparison  of  the  relative  merits  of  determinate 
and  indeterminate  frameworks  must  lie  in  such  comparison  of  ideal 
structures  as  he  has  made.  Actual  or  complete  designs  are  subject  to 
so  many  irrelevant  variations  that  their  comparison  necessarily  carries 
with  it  no  general  conclusion. 

The  writer  desires  to  express  his  appreciation  of  the  brief  but  very 
correct  summing  up  of  the  paper  included  in  the  comments  of  Mr. 
Joseph  Sohn.  It  is  a  great  help  to  grasping  the  main  points  of  such 
a  paper,  necessarily  somewhat  long  and  complex  in  its  complete  form, 
to  have  its  essential  points  brought  out  in  so  concise  and  clear  a 
restatement  as  in  the  present  instance. 

The  writer  is  pleased  to  learn  of  Professor  Jung's  adherence  to  the 
use  of  determinate  rather  than  indeterminate  systems.  Italy  has  long 
been  a  leader  in  the  intelligent  application  of  science  to  the  arts,  and 
notable  for  her  freedom  from  the  old  dogmatic  beliefs  which  in  many 
other  couD  tries  still  so  largely  maintain  their  hold.  The  writer  well 
remembers  that  many  of  the  most  lucid  and  valuable  of  the  modem 
additions,  both  to  the  theory  of  structures  and  to  the  general  theory 
of  elasticity,  have  come  from  Italy,  and  believes  that  in  the  extension 
of  the  use  of  determinate  construction  and  of  intelligent  desigpiing 
Italy  will  again  be  in  the  front. 
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Bj  Messrs.  E.  KuioHinNO,  G.  C.  Whiffle,  J.  C.  Meem,  G.  S.  Wlluams, 
Gbobgb  W.  Batteb,  Gbobqe  H.  Fenkell  and  D.  C.  Henny. 


E.  EviOHLiNO,  M.  Am.  Soo.  C.  £. — One  of  the  most  interesting  Mr.  Kuichllng. 
features  of  this  paper  is  the  comparison  of  the  obseryations  made  bj 
the  authors  in  1897  on  the  large  riveted-steel  pipe  with  those  made  by 
them  in  1899.  From  this  comparison,  as  exhibited  in  Table  No.  3, 
thej  conclude  that  during  the  period  of  two  years  there  has  been  some 
decrease  in  the  carrying  capacity  of  this  pipe.  A  similar,  although 
much  smaller,  reduction  is  also  noticeable  in  the  case  of  the  large 
wooden  pipe,  for  velocities  of  3  ft.  and  upward,  as  shown  in  Table 
No.  4.  The  data  submitted  are  very  important  to  hydraulicians,  as  it 
rarely  happens  that  the  same  line  of  pipe  is  tested  by  the  same  com- 
petent and  careful  observers  at  different  periods  of  time. 

*  This  discussion  (of  the  paper  by  Charles  D.  Marx,  M.  Am.  Soc.  C.  £..  Charles  B. 
Wing,  Assoc.  M.  Am.  Soc.  C.  £.,  and  Leander  M.  Hoskins,  C.  E.,  printed  in  the  Proceed' 
ings  for  February,  1900)  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  of  the  Society  for  further  discussion.  (See  rtiles 
for  publication,  Proceedinga^  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  May  85th,  1000,  will  be  printed  in 
A  later  number  of  Proceedings^  and  subsequently  the  whole  discussion  will  be  published 
in  TransactionB, 
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Mr.  KuichliDg.  In  the  speaker's  opinion,  such  a  decrease  in  carrying  capacity  is 
always  to  be  expected,  and,  so  far  as  he  has  been  able  to  ascertain 
from  the  records  of  reliable  gaugings  made  by  others,  as  well  as  by 
himself,  it  has  always  occurred,  especially  in  'the  case  of  cast  and 
wronght-iron  or  steel  pipes.  Two  principal  causes  therefor  can  be 
.  assigned,  viz.,  the  gradual  formation  of  nodules  of  rust,  or  <<  tuber- 
cles," and  the  accretion  of  various  organic  growths  on  the  inner 
surface  of  the  conduits.  Either  of  these  developments  must  obviously 
increase  the  resistance  to  the  flow  of  the  water  in  the  pipe,  and  hence 
also  diminish  the  discharge.  The  flrst-named  cause  is  necessarily 
excluded  in  the  case  of  a  wooden  conduit,  but  in  an  iron  or  steel  pipe 
both  causes  may  exist  simultaneously. 

Bust,  or  tuberculation,  in  a  water  pipe  is  the  result  of  the  action  of 
the  water  upon  the  iron,  wherever  exposed,  by  defects  or  abiAsions  of 
the  protective  coating.  The  area  of  the  imperfection  may  be  very  small 
or  even  microscopic  in  size,  but  its  site  will  sooner  or  later  be  mani- 
fested by  the  api)earance  of  a  yellowish  brown  pimple,  which  gradu- 
ally increases  in  size  and  ultimately  assumes  relatively  large 
dimensions  by  spreading  laterally  over  the  adjacent  sound  coating 
material.  .  Two  or  more  neighboring  accumulations  of  this  kind 
frequently  merge  into  a  single  large  crust,  and,  when  it  is  forcibly 
removed,  the  few  minute  sources  of  the  supply  of  hydrated  iron  oxide 
are  often  readily  discernible.  This  oxide  evidently  attracts  or  unites 
with  some  of  the  earthy  and  mineral  matter  in  the  water,  and  the 
resulting  mixture  becomes  quite  coherent,  besides  adhering  more  or 
less  strongly  to  the  inner  surface  of  the  pipe.  In  this  manner  a 
tubercle  is  slowly  formed,  and  when  the  earthy  matter  preponderates 
over  the  iron  oxide,  it  may  also  become  the  seat  of  an  extensive 
organic  growth,  thereby  increasing  its  size  and  the  degree  of  obstruc- 
tion to  the  flow. 

As  already  stated,  the  organisms  which  may  lodge  and  develop  in  a 
pipe  are  of  various  kinds,  and  may  be  of  either  animal  or  vegetable 
character,  but  adapted  to  the  absence  of  sunlight  and  free  air.  They 
generally  grow  on  the  sides  and  top  of  the  conduit,  and  rarely  on  the 
bottom,  as  they  appear  to  dislike  the  subsidence  of  fine  silt  which  is 
apt  to  occur  when  the  velocity  of  the  water  is  either  greatly  reduced, 
or  entirely  stopped  by  entrainment  in  the  branches.  Several  species 
of  polyzoa,  spongilla  and  algm,  or  fungi,  were  found  easily  by  the 
speaker  in  searching  for  them  in  dark  chambers  of  reservoir  gate- 
houses and  also  in  the  conduits  and  distributing  pipes  of  several 
different  water- works,  but  in  the  latter  they  were  usually  restricted  to 
the  upper  portion  of  the  line  or  to  the  vicinity  of  the  source  or  reser- 
voir. In  some  cases,  however,  these  growths  were  found  in  pipes  at  a 
distance  of  several  miles  from  the  head. 

An  instructive  instance  of  this  kind  was  observed  recently  in  the 
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new  oondtdt  of  the  Bochester,  N.  Y. ,  water- works.     The  northern  Mr.  KuichUng. 

section  thereof  is  abont  9  miles  long,  and  consists  of  about  1  000  ft.  of 

36-in.  cast-iron  pipe,  beginning  at  Bnsh  Beservoir,  followed  by  d8-in. 

riveted-steel  pipe  for  the  remainder  of  the  distance  to  the  city.     A 

number  of  gaugings  of  the  flow  of  this  section,  and  measurements  of 

the  loss  of  head  in  the  cast-iron  and  steel  pipes  separately,  have  been 

made  as  carefully  as  was  possible,  by  the  same  corps  of  assistants,  since 

its  completion  in  1894,  and  the  essential  results  of  these  experiments 

are  given  in  Table  No.  7. 

TABLE  No.  7. — Bssui/rs  op  Gaugings  op  the  Nobthbrn  Section  of 
THE  New  Conduit  of  the  Bochbstee,  N.  Y.,  Wateb-Wobks,  bt  the 
Same  Pabties,  at  Diffebbnt  Times  between  Octobeb  17th,  1895, 
AND  November  10th,  1899. 


t 


Date. 


S3 


hi. 

1-1 
ill 


■855 
■I 


PI 


§5* 
1^5 


It  should  be  noted  that  the  actual  mean  diameter  of  the  36-in.  cast- 
iron  pipe  is  3.0406  ft.,  as  deduced  from  four  measurements  of  the  bore 
of  each  separate  piece  before  being  set  in  place,  while  that  of  the 
inside  courses  of  the  38-in.  riveted-steel  pipe  is  3. 1667  ft. ;  also  that 
the  corresponding  cross-sectional  areas  are,  respectively,  7.2612  and 
7.8758  sq.  ft.,  and  the  lengths  between  the  end  piezometers,  respec- 
tively, 1  094.3  and  45  393.9  ft.  The  difference  in  level  between  the 
piezometer  vessels  was  determined  instrumen tally,  while  the  volume 
discharged  by  the  pipe  in  the  given  periods  of  time  w&s  computed 
from  the  observed  fall  in  the  water  surface  of  the  large  reservoir  at  the 
head  of  the  section,  the  area  for  different  elevations  being  known. 
The  water  to  supply  the  piezometers  was  taken  in  each  case  from  a 
standard  corporation  cock  screwed  squarely  into  the  cast-iron  pipe  at 
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Mr.  Kulchiin^.  or  near  its  top.  Furthermore,  at  the  distributing  reservoir  in  the  citj, 
the  steel  conduit  terminates  with  about  250  ft.  of  36-in.  cast-iron  pipe, 
but  the  length  thereof  which  is  embraced,  up  to  the  lower  piezometer, 
is  included  in  the  1  094.3  ft.  mentioned. 

When  the  extremely  low  value  of  the  coefficient  (c)  for  the  86-in. 
pipe  in  Gauging  No.  5  became  known,  it  was  assumed  that  an  error 
had  been  made,  and  the  work  was  repeated  a  few  days  later,  with  prac- 
tically the  same  result,  as  shown  in  (Gauging  No.  6.  Special  care  hav- 
ing then  been  taken  to  avoid  errors  of  observation,  it  was  conjectured 
that  the  reduction  was  due  to  a  profuse  growth  of  aquatic  organisms 
in  this  part  of  the  line,  such  as  was  found  in  the  24-in.  effluent  pipe  of 
the  old  conduit  at  the  same  locality  when  a  part  of  it  was  removed  in 
1894  for  connection  with  the  new  pipe.  A  corroboration  of  the  accuracy 
of  th^  observations  in  Gaugings  Nos.  5  and  6  was  also  afforded  a  few 
months  later  by  Gauging  No.  7. 

To  ascertain  whether  this  conjecture  was  correct,  an  examination 
of  the  interior  of  the  pipe  was  made  in  September,  1898.  The  flanged 
head  of  a  36-in.  special  casting  in  the  new  gate-house  at  Bush  Beservoir 
was  accordingly  removed,  and  the  36-in.  cast-iron  pipe  was  entered 
and  traversed  by  an  assistant  for  a  distance  of  about  460  ft. ,  while  the 
38-in.  steel  pipe  was  entered  at  a  manhole  3  498  ft.  north  of  the  gate- 
house and  traversed  for  100  ft.  or  more  in  both  directions.  Owing  to 
the  existence  of  several  depressions  in  the  line  between  these  points  of 
entry,  and  the  necessity  of  soon  restoring  the  new  conduit  to  active 
service,  no  further  investigations  of  the  intermediate  parts  of  the  pipe 
were  made. 

On  entering  the  36-in.  cast-iron  pipe  in  the  gate-house,  extensive 
organic  growths  were  seen  attached  to  the  top  and  sides,  while  the 
lower  part  was  considerably  tuberculated.  These  growths  soon  in- 
creased in  magnitude  until  they  formed  an  almost  continuous  lining 
for  the  entire  distance  traversed,  with  frequent  large  masses  hanging 
down  from  the  top.  A  number  of  such  pieces  were  noticed,  which  were 
more  than  1  ft.  square,  stretching  like  curtains  across  the  upper  part. 
The  lining,  in  general,  resembled  a  dense  fibrous  mat  from  1  to  2  ins. 
thick,  and  the  glossy  pitch  coating  of  the  pipe  was  visible  only  in  a 
few  places.  Further  examination  showed  that  these  growths  consisted 
mainly  of  two  species  of  polyzoa  and  one  of  fresh-water  sponge,  which 
were  identified  by  Professor  Charles  W.  Dodge,  of  the  University  of 
Bochester,  N.  Y.,  as  PlumaieUat  PcdiidiceUa  and  Myenia  fluviatcUis,  At 
the  point  where  the  38-in.  steel  pipe  was  entered,  the  organic  growths 
and  tuberculation  had  greatly  diminished  in  both  size  and  extent,  as 
only  a  few  scattering  patches,  from  2  to  8  ins.  in  diameter,  and  not  ex- 
ceeding i  in.  thick,  were  found,  along  with  some  small  tubercles. 
The  latter  were  on  the  lower  part  of  the  pipe  in  the  immediate  vicinity 
of  the  manhole,  and  doubtless  resulted  from  the  abrasion  of  the  coat- 
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ing  by  the  shoes  of  the  workmen  during  construction.  Elsewhere,  the  Mr.  Kulchllng. 
coating  was  clean,  hard  and  glossy,  and  apparently  as  sound  as  when 
first  applied.  Several  attempts  were  made  to  obtain  photographs  of 
the  interior  of  the  pipe  by  flash  light  at  the  localities  mentioned,  but 
unfortunately  all  the  negatives,  on  being  developed,  proved  to  be  dim 
and  imperfect.  The  foregoing  verbal  description  must  therefore  suf- 
fice to  convey  an  approximate  notion  of  its  condition,  and  hydraul- 
icians  will  doubtless  require  no  further  reasons  for  the  low  values  of 
the  ooefScient  (c)  in  the  Chezy  formula  which  were  found  from  the 
gaugings  relating  to  the  comparatively  short  section  of  cast-iron  pipe. 

From  this  examination  of  the  conduit,  it  will  be  seen  that  the  lux- 
uriant organic  growths  were  limited  to  perhaps  1  000  ft.  or  more  of 
the  upper  part  of  the  line,  while  the  formation  of  tubercles  is  possible 
for  its  entire  length.  The  reason  for  such  restriction  of  the  extent  of 
the  former  is  obviously  found  in  the  fact  that  the  food  supply  for  the 
organisms,  which  is  contained  in  the  water,  is  correspondingly  limited 
and  becomes  practically  exhausted  beyond  a  certain  distance  from  the 
source;  hence,  in  the  lower  part  of  the  line  no  organic  growths  will 
probably  be  found.  It  may  therefore  be  concluded  that  the  gradual 
diminution  of  the  carrying  capacity  of  a  pipe  by  the  development  of 
aquatic  organisms  on  its  interior  is  dependent  on  the  quality  of  the 
water,  and  that  when  the  proper  food  supply  is  scanty,  little  trouble 
from  this  cause  will  be  found  in  a  long  conduit.  On  the  other  hand, 
there  is  no  such  natural  limitation  to  the  formation  of  rust  in  an  iron 
pipe  which  is  not  provided  with  an  absolutely  perfect  protective  coat- 
ing; and  as  such  a  coating  has  hitherto  been  practically  unattainable, 
it  follows  that  a  reduction  of  discharge  due  to  this  second  cause  must 
reasonably  be  anticipated. 

Betuming  to  the  case  of  the  Ogden  conduit,  which  was  put  in 
service  early  in  1897,  and  whose  present  interior  condition  is  un- 
known, it  is  very  probable  that  while  no  appreciable  quantity'  of 
organic  growths  may  exist  in  the  steel  pipe  which  forms  the  lower 
portion  of  the  long  line,  tjiere  may  yet  be  sufficient  tuberculation  to 
account  for  the  reduced  discharging  capacity  which  was  found  by  the 
authors.  Two  years'  time  is  sufficient  for  the  purpose,  when  it  is  re- 
membered that  the  asphaltio  coating  was  applied  by  hand,  and  that 
numerous  imperfections  in  such  work  are  inevitable,  notwithstanding 
the  most  rigid  inspection.  Proof  of  this  conjecture,  however,  is  lack- 
ing, and  it  is  therefore  to  be  hoped  that  the  authors  will  at  some  future 
time  supplement  their  present  valuable  contribution  to  hydraulics  by 
a  third  series  of  gaugings,  in  which  an  opportunity  to  examine  the  con- 
dition of  the  interior  of  the  conduit  will  be  afforded. 

Another  interesting  point  in  the  paper  is  the  considerably  increased 
loss  of  head  iu  the  Yenturi  meters,  upon  whose  registration  depen- 
dence is  placed  for  obtaining  the  discharge  and  mean  velocity  in  the 
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Mr.  Kuiehlfxig.  conduit.  The  anthon  have  assumed  that  the  loss  of  head  in  the 
meter  proper  has  remained  constant,  but  were  unable  to  verify  this 
assumption.  Should  it  be  found  bj  experiment  that  a  change  in  the 
frictional  resistance  of  the  two  tapering  sections  of  riyeted  pipe  which 
constitute  the  meter  will  modify  the  empirical  constant  used  in  com- 
puting the  discharge,  as  is  by  no  means  improbable,  the  given 
numerical  values  of  the  Ghezy  coefficient  (c)  will  also  require  suitable 
modification;  and  hence,  in  conducting  another  series  of  gaugings, 
the  means  for  testing  the  registration  of  the  meters  should  also  be 
included. 
Mr.  Whipple.  G.  C.  WmppiiB,  Assoc.  M.  Am.  Soc.  C.  E. — The  growth  of  micro- 
scopic organisms  in  water  is,  certainly,  an  important  subject,  because- 
such  growths  have  a  marked  effect  upon  the  flow  in  pipes.  These- 
organisms  are  likely  to  grow  in  pipes  whenever  the  water  flowing 
therein  contains  a  sufficient  amount  of  food  to  nourish  them. 

The  polyzoa,  fresh- water  sponge,  etc.,  are  sedentary  forms  which 
grow  on  the  sides  of  the  pipe,  and  must  have  their  food  carried  to  them. 
If  the  water  contains  the  right  kind  of  food  to  nourish  them  it  is  quite 
likely  that  they  will  thrive  in  any  kind  of  a  pipe.  The  whole  subject 
is  chiefly  a  question  of  food  supply. 

For  example,  in  Newton,  Mass.,  which  is  supplied  with  a  ground-^ 
water  containing  practically  no  microscopic  organisms,  an  examination 
of  the  pipes  showed  that  there  were  very  few  polyzoa.  In  Boston,  on 
the  other  hand,  where  the  water  contains  these  microscopic  forms, 
many  of  the  pipes  were  found  to  be  filled  with  them. 

The  presence  or  absence  of  these  organisms  can  be  accounted  for,, 
to  a  great  extent,  by  the  microscopical  character  of  the  water  itself. 
It  is  possible  that  the  water  flowing  in  the  Ogden  pipe-line  may  be  so 
free  of  the  smaller  microscopic  organisms  that  none  of  the  sedentary 
organisms  are  present  in  any  part  of  the  pipe-line,  while  the  water 
may  be  of  such  a  character  as  to  cause  tnberculation  of  the  steel  pipe,, 
without  having  any  such  chemical  action  on  the  wooden  pipe. 

It  would  be  interesting  to  know  whether  the  authors  made  any 
examination  of  the  quality  of  the  water  flowing  through  the  pipe,  and 
whether  any  opportunity  was  offered  them  to  examine  the  pipe-line 
with  reference  to  the  presence  of  polyzoa,  fresh-water  sponge  and 
other  similar  organisms. 
Mr.  Meem.  James  Cowan  Meem,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — In  com- 
paring the  steel  pipe  tests  for  1897  and  1899,  it  is  noted  that  with  clean 
pipes,  in  1897,  the  value  of  the  coefficient  of  roughness  n  was  not  only 
much  lower,  but  was  also  much  more  uniform  than  in  1899,  when  the 
pipe  had  undoubtedly  become  tuberculated  with  rust  and  growths.  It 
is  undoubtedly  a  valuable  increment  to  our  knowledge  to  find  that  with 
tuberculated  pipes  the  value  of  n  seems  to  decrease  in  proportion  to  the 
rise  of  velocity,  below,  and  up  to  3  ft.  per  second;  while,  for  practical 
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pttrpoeeB,  it  may  be  oonsidered  as  oonstant  under  the  same  oonditions  Mr.  Meem. 
for  clean  pipes  under  all  velooitieB. 

This  latter  point  is  borne  out  b j  the  1899  experiments  on  the  wood- 
stave  pipes,  which  show  a  constant  value  for  n  for  all  velocities;  and  it 
is  further  borne  out  hj  some  crude  experiments  made  by  the  Sewer  De- 
partment of  Brooklyn,  in  1896,  on  the  15-ft.  brick  sewer  on  Fourth 
Avenue,  which  also  showed  a  practically  constant  value  for  n  under 
varying  velocities. 

The  comparison  between  the  1897  and  1899  experiments  on  the 
wood-stave  pipe  shows  a  marked  decrease  in  the  value  of  n  after  two 
years'  use.  This  doubtless  shows  that  organisms  require  more,  as  Mr. 
Whipple  suggests,  than  that  their  food  be  brought  to  them,  but  that 
they  must  also  have  a  ''lodging  place,"  which  is  probably  furnished  in 
the  steel  and  iron  pipes  by  the  commencement  of  rust,  and  points  to  the 
further  fact  that  wood  pipe  seems  to  wear  smoother  with  usage. 
Arthur  L.  Adams,*  M.  Am.  Soc.  C.  E.,  states  that  the  growths  in  wood 
pipe  are  not  found  to  exist  where  the  pipe  is  constantly  full  and  under 
pressure.  It  is  probable,  then,  that  the  presence  of  decay  only  in  this 
pipe  furnishes  the  nucleus  about  which  these  organisms  grow. 

Comparing  these  exi)eriments  with  those  noted  or  made  by  Mr. 
Adams, f  it  is  seen  that  the  value  of  n  is  much  lower  in  the  stave  pipes 
of  smaller  sizes.  Thus,  in  the  72-in.  pipe  in  the  paper  it  is  0.0131,  while 
in  the  experiments  by  Mr.  Adams  on  14-in.  and  18-in.  pipes,  n  =  0.010 
for  the  18-in.,  and  0.0107  to  0.011  in  the  14-in.  pipe.  This  confirms 
substantially  what  the  writer  has  long  believed  to  be  trne,  that  in  pipes 
of  small  diameters,  all  else  being  equal,  the  value  of  n  is  lower  than  for 
pipes  of  large  diameter.  Comparison  of  the  experiments  referred  to, 
on  the  16-ft.  brick  sewer  in  Brooklyn  (which  though  crudely  made 
showed  the  value  of  n  to  be  between  0.013  and  0.015),  with  some  other 
experimentst  made  by  T.  C.  Hatton,  M.  Am.  Soc.  C.  £.,  of  Wil- 
mington, Del.,  on  small  pipes  (in  which  the  value  of  n  was  shown  to  be 
materially  lower  than  0.013)  partially  confirms  this  conclusion,  although 
not  decisively  or  definitely  enough  to  be  of  value,  as  they  were  not 
compared  under  the  same  conditions. 

The  summary  of  these  deductions  is  as  follows: 

(a)  In  smooth  pipes  of  the  same  size  and  kind  the  value  of  n  is 
practically  constant  under  all  velocities. 

(b)  In  tuberculated  pipes  under  all  high  velocities  the  value  of  n 
is  constant,  for  the  same  sizes  and  conditions;  while 

(c)  In  tuberculated  pipes,  for  the  same  conditions,  under  low 
velocities,  the  value  of  n  increases  inversely  with  the  velocity. 

(d)  In  clean  pipes  the  value  of  n  probably  decreases  with  the 
diameter  of  the  pipe,  other  conditions  being  the  same. 

*  Trantactions,  Am.  Soc.  C.  E.,  Vol.  zll,  p.  84. 

t  TrantactUnu^  Am.  Soc.  C.  E.,  Vol.  xli,  p.  66. 

t  Published,  the  writer  beUeves,  in  The  Engineering  Record. 
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Mr.  Meem.  In  assigning  the  value  of  n,  in  estimating  or  oalctdating  the 
velocities  in  proposed  pipes  and  conduits,  it  is,  of  course,  bejond  the 
range  of  possibility  to  test  the  proposed  pipes  under  the  exact  con- 
ditions of  usage;  or  to  find  experiments  fitting  each  case  exactly.  The 
writer,  therefore,  proposes  a  factor  of  safety,  as  in  construction, 
which  may  be  used  at  the  discretion  of  the  engineer.  As  our  tables 
and  diagrams  are  usually  calculated  for  a  value  of  0.015  for  n,  we  may 
take  this  as  a  basis  on  which  the  following  factors  of  safety  are 
suggested  for  adoption: 

(1)  For  steel-riveted  or  cast-iron  pipes,  calculated  to  run  under  low 
velocities,  or  which  are  inaccessible  for  cleaning,  add  20%  to  the 
total  discharge  in  making  the  final  calculations  for  sizes. 

(2)  For  steel- riveted  or  cast-iron  pipes,  under  high  velocities,  or 
which  are  accessible  for  cleaning,  add  10  per  cent. 

(3)  For  brick,  concrete  and  pipe  conduits,  under  all  velocities,  and 
of  over  3  ft.  in  diameter,  or  wood-stave  pipe  alternately  wet  and  dry, 
add  nothing. 

(4)  For  small  pipes  of  all  kinds  except  iron  or  steel,  and  wood- 
stave  pipes  of  over  3  ft.  diameter,  and  running  full  at  all  times,  deduct 
10  per  cent. 

(5)  For  wood-stave  pipes  of  less  than  3  ft.  diameter,  constantly  full 
and  under  pressure,  deduct  20  per  cent. 

Mr.  WiliJamB.  Gabdneb  S.  WnjiTAMB,  M.  Am.  Soc.  G.  £.  (by  letter). — The  authors 
are  to  be  congratulated  upon  having  performed  the  most  accurate 
series  of  experiments  yet  published  upon  wooden-stave  pipe.  Their 
observations  upon  the  riveted  pipe  do  not,  however,  appear  to  be 
quite  BO  reliable,  either  from  unsuspected  sources  of  error  in  the 
methods  and  means  of  observation,  or,  much  more  probably,  on 
account  of  conditions  in  the  pipe  line  Itself  which  prevent  the  general 
application  of  the  results  obtained  from  it;  so  that,  while  the  conclu- 
sions which  may  be  drawn  from  them  may  not  be  suitable  for  common 
use,  the  experiments  themselves,  for  the  particular  case  in  hand,  nyty 
be  in  every  way  as  accurate  and  deserving  of  confidence  as  those  upon 
the  upper  section  of  stave  pipe,  which  the  writer  believes  will  compare 
favorably  with  the  best  pipe  experiments  yet  published,  and  which 
appear  to  be  of  wide  application.  The  reasons  for  this  differentiation 
of  the  results  will  be  discussed  later.  Before  proceeding  with  this 
question,  however,  there  are  other  points  in  the  paper  which  should 
be  considered. 

The  authors  (page  111)  argue  that  in  order  to  have  the  gauge  read- 
ings vitiated  by  accumulations  of  air  in  the  connections,  there  must 
be  present  a  quantity  sufficient  to  fill  the  cross-section  of  the  pipe 
completely.  It  appears  to  the  writer  that  any  mixture  of  air  and 
water  must  have  a  less  specific  gravity  than  water  alone,  and  hence, 
if  even  minute  bubbles  of  air  be  present  in  a  connection  rising  to  a 
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gauge,  the  effect  will  be  to  cause  the  gauge  to  read  high.  ABthisyery  Mr.  wuiiamfl. 
principle  has  long  been  utilized  in  the  old  forms  ol  air-lift  pumps,  it 
does  not  seem  necessary  to  discuss  it  further  than  to  say  that  if  the 
connecting  pipe  slopes  downward  to  the  gauge,  the  result  will  be  a 
low  reading,  and  that  while  very  few,  if  any,  of  the  present  observa- 
tions give  evidence  of  such  a  source  of  error,  the  fact  remains  that 
observations  may  be  affected  by  air  which  does  not  fill  the  cross-section 
of  the  pipe. 

On  the  same  page  the  authors  refer  to  observations  with  piezome- 
ters connected  at  various  points  in  the  circumference,  from  which  they 
appear  to  conclude  the  correctness  of  the  very  interesting  theoretical 
discussion  of  this  subject  presented  in  their  former  paper.* 

On  this  point  the  writer  has  to  submit  that  he  knows  of  experiments 
with  very  delicate  apparatus  for  measuring  the  pressures  at  different 
points  of  the  circumference  of  a  pipe  in  which  water  was  flowing, 
which  showed  that  the  pressures  not  only  are  different  at  different 
points,  but  that  they  change  sign  relatively  to  each  other  as  the 
velocity  changes,  one  becoming  alternately  greater  and  less  than  the 
other  at  the  opposite  extremity  of  the  same  diameter.  As  it  is  expected 
that  these  experiments  will  shortly  be  preSiented  to  the  Society,  with 
some  others  on  the  flow  of  water  in  pipes,  the  writer  does  not  wish  to 
go  into  detail  here,  but  it  seems  to  him  entirely  safe  to  conclude  that 
the  hypotheses  assumed  by  the  authors  in  their  former  discussion 
were  contrary  to  fact,  and  that  in  the  present  case,  had  they  had  more 
delicate  apparatus,  they  would  probably  have  found  a  difference  in 
the  readings  at  the  several  points  of  the  circumference. 

In  reference  to  the  general  results,  it  is  always  desirable  to  have 
some  criterion  by  which  to  judge  of  the  accuracy  of  experiments  as 
they  are  published,  aside  from  that  of  the  personality  and  reputation 
of  the  observers;  and  the  writer  has  for  some  time  been  in  the  habit 
of  applying  to  his  own  observations  the  following: 

Assuming  that  the  loss  of  head  varies  as  the  square  of  the  velocity, 
the  former  must  also  vary  as  the  first  power  of  the  velocity  head; 
whence,  in  any  series  of  experiments  covering  more  than  one  velocity, 
if  the  velocity  heads  and  the  corresponding  losses  of  head  be  used  as 
co-ordinates,  theoretically,  the  points  so  located  should  fall  in  a 
straight  line  which  may  be  expected  to  pass  through  the  origin;  and 
the  deviation  of  the  points  so  plotted  from  such  a  line  will  indicate  the 
relative  merit  of  the  several  observations.  It  will  at  once  be  appreci- 
ated that  while  some  form  of  curve  can  usually  be  made  to  pass 
through  and  fit  fairly  well  a  great  many  observations,  it  is  not  such 
an  easy  matter  to  fit  a  straight  hue  to  them. 

This  criterion  has  been  applied  by  George  H.  Fenkell,  Jun.  Am.  Soc. 
C.  E.,  to  nearly  all  the  so-called  standard  pipe  experiments  hitherto 


*  TranaacUons^  Am.  Soc.  C.  E.,  Vol.  xl,  p.  52S. 
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•lilr.  Williains.  published,  and  it  is  somewhat  surprising  to  see  how  many  snpposedlj 
reliable  observations  are  nothing  more  than  orade  approximations.  It 
is  hoped  that  Mr.  Fenkell's  work  may  soon  be  g^ven  to  the  public  in 
order  that  the  records  may  be  purged  of  a  considerable  number  of  ez- 
I)eriments  which  should  never  have  been  published,  and  that  the  relative 
merits  of  others  may  be  estimated  properly. 

An  application  of  this  criterion  to  the  observations  of  the  authors  in 
1897  showed  that  the  high  degree  of  accuracy  claimed  by  them,  based 
upon  reductions  by  the  method  of  least  squares,  was  frequently 
imaginary. 

In  Fig.  1,  Plate  XXIII,  the  writer  has  plotted  the  observations  pre- 
sented in  Table  No.  1,  of  the  present  paper,  and  also  the  data  of  the 
previous  series  of  experiments.  To  avoid  unnecessarily  complicating  an 
already  rather  intricate  diagram,  the  straight  lines  to  which  the  observa- 
tions should  conform  have  not  been  drawn,  but  if  a  fine  thread  be 
stretched  along  the  line  of  observations  for  the  long  section  of  stave  pipe, 
the  excellence  of  the  results  will  be  at  once  apparent,  and  if  the  equa- 
tion of  the  mean  line  be  computed  by  summations  of  the  ordinates  and 
abscissas  we  obtain  H^  ==  1.9794  H^,  where  Hj^  is  the  loss  of  head  and 
J7|,  is  the  velocity  head,  measured  in  feet. 

Similarly,  if  the  thread  be  stretched  along  the  points  for  the  short 
section  of  stave  pipe,  which  are  united  by  the  fine  broken  line  it  will 
not  only  be  seen  that  the  inclination  of  the  line  is  not  the  same  as  in  the 
other  case,  but  also  that  the  points  do  not  fit  as  well,  and  that,  in  fact, 
this  series  of  observations  appears  to  be  very  little  better  than  those  of 
1897,  which  are  indicated  by  letters  and  joined  by  the  dotted  lines. 

Observations  Nos.  40,  41,  56,  57,  58,  59,  87,  38,  48  and  44,  seem 
to  show  too  low  a  loss  of  head  as  compared  with  the  velocity  head, 
while  35,  36,  50  and  51,  show  the  opposite  condition.  Excepting  the 
four  last  named,  it  appears  that  in  this  section  of  pipe  the  observations 
at  low  velocity  indicate  a  much  lower  resistance  than  corresponding 
observations  on  the  longer  section,  a  result  which,  while  it  does  not 
accord  with  the  former  observations  on  this  section,  as  indicated  by  A, 
B,  C,  D,  E,  G,  HsLud  K,  is  seemingly  correct. 

Remembering  this  condition  of  affairs  in  Section  3-4,  we  now  con- 
sider the  Tunnel  Section  4-5,  the  observations  upon  which  are  plotted 
in  Fig.  2,  Plate  XXIII.  By  stretching  the  thread  here  it  will  be  seen 
that  the  observations  fail  to  have  the  semblance  of  conformity  to  the 
straight  line,  and  it  appears  that  all  the  observations  at  low  velocities 
show  abnormally  high  losses  of  head,  exactly  the  opposite  condition  to 
that  observed  in  the  section  next  down  stream,  already  considered. 
These  facts  seem  to  indicate  that  the  piezometer  at  No.  4  gave  a  low 
reading,  particularly  at  low  velocities.  Without  attempting  to  account 
for  this  at  present  we  will  combine  the  total  losses  of  head  in  Section 
4-5  with  the  simultaneous  ones  in  Section  3-4,  and  plot  the  combined 
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zesnlt  to  the  velocity  heads  in  the  Btaye  pipe,  which  plotting  is  shoma  Kr.  wuuams. 
in  Fig.  8,  Plate  XXIII.  In  this  fignie,  the  mean  line  obtained  bj  sum- 
mation of  ordinates  has  been  drawn,  the  group  of  observations  at  the 
lowest  velocity  being  given  half  the  weight  of  the  others,  and  Nos.  42, 
50,  36  and  51,  have  been  rejected.  It  is  to  be  remarked  that  Nos.  86, 
50  and  51,  seem  to  contain  errors  of  observation  or  reduction,  but  as  they 
were  grouped  by  the  authors  with  others  this  point  does  not  attract 
especial  attention  in  their  plottings,  although  quite  evident  here.  The 
close  approximation  of  the  remaining  observations,  except  perhaps  No. 
46,  is  quite  remarkable,  although  there  is  still  a  tendency  for  the  low 
velocities  to  show  excessive  loss  of  head,  which  has  no  counterpart  in 
the  observation  on  the  long  section  of  stave  pipe. 

The  following  explanation  of  the  phenomenon  might  not  have  been 
so  obvious,  but  for  the  fact  that  a  similar  one  was  encountered  recently 
by  Messrs.  £.  C.  Murphy  and  C.  G.  Torrance,  their  observations  being 
corroborated  by  the  writer,  in  the  Hydraulic  Laboratory  of  the  College 
of  Civil  Engineering  of  Cornell  University,  where  such  precautions 
were  taken  as  to  leave  no  possibility  of  questioning  the  results. 

All  are  familiar  with  the  fact  that  when  water  flows  from  the  bottom 
of  a  vessel  to  a  pipe  of  smaller  cross-section,  a  spiral  motion  is  generated, 
as  may  be  seen  at  any  time  in  the  ordinary  washbowl.  It  is,  therefore, 
aside  from  other  proofs,  quite  safe  to  assume,  when  there  is  an  abrupt 
change  of  section  in  a  pipe  line  from  a  larger  to  a  considerably  smaller 
one,  that  a  similar  spiral  motion  will  be  set  up,  and  it  needs  no  extended 
argument  to  prove  that  the  higher  the  velocity,  the  longer  the  pitch 
of  the  spiral,  which  latter  will  keep  lengthening  as  the  water  flows  on 
in  a  straight  pipe,  the  particles  tending  continually  to  move  more  and 
more  nearly  in  straight  lines.  It  is  well  known,  further,  that 
velocity  head  is  convertible  into  pressure  head  and  vice  versa.  It 
becomes  apparent,  therefore,  that  if  the  pressure  head  be  measured  a 
short  distance  below  a  point  where  a  reduction  of  cross-section  of  the 
flowing  stream  has  taken  place,  we  may  expect  to  find  that  the  true 
velocity  of  a  particle  of  water,  the  flow  at  that  point  being  in  a  spiral, 
will  exceed  the  rectilinear  velocity  in  the  direction  of  the  axis,  and  will 
also  exceed  the  true  velocity  further  along  the  pipe  where  the  pitch  of 
the  spiral  has  been  increased,  whence  the  pressure  head  at  the  upnstream 
point  will  be  reduced  by  the  excess  of  velocity  head  there,  and  it  is 
entirely  possible  to  conceive,  what  actually  occurs  in  the  Yenturi 
meter,  that  the  following  length  of  pipe  might  show  a  gain  of  pressure 
rather  than  the  loss  to  be  expected  from  frictional  resistances.  This  is, 
apparently,  exactly  what  takes  place  in  the  Ogden  pipe  on  which 
Piezometer  No.  4  is  23  ft.  down  stream  from  the  tunnel  mouth  where 
a  contraction  takes  place  from  a  section  9  ft.  square  to  a  6-ft.  circular 
one.  The  lower  the  velocity,  the  shorter  the  pitch  of  the  spiral. 
Therefore,  at  low  velocities,  the  ratio  of  the  true  or  spiral  velocity  of 
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Mr.  WilUams.  the  particles  to  the  rectilinear  velocity  will  be  much  greater  than  at 
Jiigh  velocities;  hence  the  pressure  head  will  be  much  lower  relatively 
to  that  at  other  points,  as  observed  by  the  authors.  The  gradual 
straightening  of  the  spiral  results  in  readings  farther  down  much  more 
nearly  in  accord  with  those  above  and  unaffected  by  the  contraction. 
It  may  be  remarked  that  this  spiral  motion,  while  apparently  reducing 
the  loss  of  head  in  the  section  below  the  contraction,  must  actually 
increase  it;  and  a  very  interesting  point  is  raised  as  to  the  rapidity 
with  which  the  filaments  straighten  themselves  out,  or,  in  other  words, 
how  far  below  a  contraction  we  must  go  to  get  a  normal  pressure 
reading.  The  fact  that  the  lower  observations,  as  plotted  in  Fig.  3, 
Plate  XXIII,  show  an  excessive  loss  of  head,  indicates  that  a  distance 
of  2  733  ft.  in  the  6-ft.  pipe  is  not  entirely  sufficient  to  hide  its  effects 
from  observation  with  the  mercurial  measuring  apparatus  used  here. 
How  much  farther  the  effect  would  be  noticeable,  with  a  water  column 
or  some  more  delicate  apparatus,  is  an  open  question. 

To  determine  the  effect  of  the  tunnel,  it  is  evident  that  it  is  not 
proper  to  proceed  as  the  authors  have  done  and  from  the  difference 
shown  by  Piezometers  Nos.  4  and  5  take  the  computed  loss  in  67  ft. 
of  stave  pipe.  The  nearest  to  a  correct  proceeding,  possible  with  the 
data  at  hand,  is  to  take  from  the  loss  of  head  shown  between  Piezo- 
meters Nob.  5  and  3  the  loss  due  to  an  equal  length  of  stave  pipe  as 
deduced  from  the  observations  on  the  long*  section,  when  the  effect 
of  the  tunnel  will  be  seen  to  follow  the  same  law  as  that  of  other 
resistances  to  flow,  t.  e.,  to  increase  as  the  square  of  the  velocity,  and 
not  in  the  manner  indicated  by  the  authors  upon  pages  122  and  123. 

On  Fig.  4,  Plate  XXIII,  the  result  is  shown  graphically,  the 
ordinates  between  the  lines  0  A  and  0  B  showing  the  apparent 
increased  loss  of  head  due  to  the  tunnel.  From  this  it  appears  that 
the  loss  is  nearly  60%  greater  with  the  tunnel  as  it  is  than  it  would 
be  with  the  stave  pipe  continued  through  it. 

It  may  be  proper  to  call  attention  to  the  fact  that  in  Figs.  1,  2  and 
3,  Plate  XXIII,  the  velocity  heads  are  plotted  in  inches  of  water,  not 
in  feet,  as  the  writer  happened  to  have  at  hand  a  transformation 
curve  for  velocities  to  velocity  heads  in  this  unit.  In  Fig.  4,  Plate 
XXIII,  the  velocity  heads  are  plotted  in  feet. 

Considering  the  steel  pipe,  it  appears  that  the  two  groups  of 
observations,  Nos.  22,  23,  24,  25,  31,  32  and  33,  and  Nos.  72,  73,  74  and 
75,  fall  very  well  upon  the  straight  line  through  the  origin,  while  the 
others  show  a  higher  loss  of  head  than  the  line  fitting  the  observa- 
tions named.  If  we  fit  a  line  to  the  observations  from  IQos.  18  to 
11,  as  plotted,  the  observations  at  the  lowest  velocities  still  show 
losses  of  head  which  are  too  high,  so  we  have  either  to  assume  that  the 
loss  of  head  in  riveted  pipe  does  not  vary  as  the  square  of  the  velocity, 
or  else  look  for  a  cause  for  a  low  reading  in  Piezometer  No.  1  or  a  high 
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one  in  No.  2.  The  apparently  oloee  and  accnrate  instramental  work  Mr.  Williams, 
done  by  the  anthors  at  the  other  gauges  does  not  give  much  weight  to 
the  probability  of  errors  of  obserration  here,  so  that  the  cause  is  rather 
to  be  sought  in  the  line  itself.  The  data  published  seem  hardly 
sufScient  for  the  case,  although  the  curvature  in  the  line  may  possibly ' 
set  up  enough  spiral  flow  to  cause  the  lower  gauge  to  read  low. 
The  authors  themselves  are  best  qualified  to  discuss  this  question. 
As  to  the  possibility  that  the  law  in  riveted  pipe  may  be  different 
from  that  in  cast-iron  or  wood,  it  may  be  said  that  the  observations  of 
Emil  Kuichling,  M.  Am.  Soc.  G.  E.,  on  the  Rochester  conduits  and  of 
J.  Waldo  Smith,  M.  Am.  Soc.  0.  £.,  on  the  East  Jersey  Water  Com- 
pany's lines,  do  not  indicate  anything  of  the. sort,  nor  do  observations 
upon  highly  tuberculated  pipes,  nor,  as  pointed  out  previously,  those 
on  the  tunnel  section.  The  writer,  therefore,  has  come  to  the  con- 
clusion regarding  the  riveted  pipe  work,  already  expressed,  that 
although  the  observations  may  be  equally  accurate,  the  conditions  are 
not  such  as  to  make  the  results  as  valuable  as  are  those  on  the  stave 
pipe. 

From  the  apparent  fact  that  the  observations  on  the  short  section 
of  stave  pipe  are  influenced  by  the  tunnel  effects  which  are  subject  to 
quite  wide  variation,  according  as  the  flow  is  increased  or  decreased  to 
produce  the  velocity  under  consideration,  it  seems  rather  questionable 
to  attempt  to  determine' the  effect  of  age  upon  the  capacity  of  the  con- 
duit by  comparisons  between  the  observations  in  1897  and  those  of  1899 
on  this  section.  A  similar  criticism  may  be  made  as  to  the  steel  pipe, 
though  to  a  somewhat  more  restricted  degree. 

The  effect  of  spiral  currents  upon  the  registry  of  the  meters  is 
another  interesting  consideration.  From  the  velocity  head  plottings, 
both  in  the  stave  pipe  experiments  and  those  on  the  riveted  pipe, 
which  were  not  simultaneous,  it  appears  that  there  was  a  similar 
irregularity  of  results  with  velocity  heads  between  0.30  and  0.45  in. 
This,  of  course,  points  to  a  common  cause,  which  seems  most  likely  to 
be  found  in  the  meters.  The  position  of  the  meters  being  such  that 
the  water  enters  by  a  Y  and  a  curve,*  it  is  easy  to  conceive  that,  at 
some  velocities  the  spiral  motion  generated  at  the  Y  may  be  reduced 
by  the  curve,  and  at  others  intensified  there,  and  this  might  easily 
account  for  the  irregularity  referred  to,  as  a  greater  or  less  spiral 
motion  would  reduce  or  increase  the  difference  of  head  between  the 
inlet  and  the  throat,  which  seems  to  indicate  that,  after  all,  the  Ventari 
meter,  like  many  another  type,  is  only  absolutely  reliable  when  used 
under  exactly  the  conditions  at  which  it  was  rated. 

In  this  connection  it  may  be  well  to  add  that  when  observations 
are  plotted,  as  the  writer  has  done  in  these  cases,  it  is  possible  and 
proper  to  reject  inaccurate  ones,  and  to  deduce  ooef&cients  from  the 
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Mr.  Williams,  points  on  the  line  rather  than  from  the  actnal  observations,  thns 
eliminating,  to  a  large  extent,  the  indiridnal  inaccnracies.  Having 
proceeded  thus  far,  it  only  remains  to  drop  the  ancient  Chezj  and  the 
modem  Kntter  formulas,  and  adopt  one  with  an  approximately  logical 
foundation,  to  get  the  subject  of  hydraulics  into  a  shape  consonant 
with  nineteenth  century  progress. 
Mr.  Rafter.  Gbobge  W.  Baffeb,  M.  Am.  Boc.  C.  £.  (by  letter).— This  paper  is 
an  elegant  sequel  to  the  previous  one,  and  presents,  in  compact  form, 
data  of  considerable  value  to  hydraulicians.  The  minute  detail  with 
which  the  authors  have  described  their  methods  and  appliances  will 
be,  without  doubt,  very  satisfactory  to  those  who  find  themselves  un- 
able to  judge  of  the  value  of  a  paper  when  presented  on  the  broad 
lines  of  useful  results,  without  reference  to  the  methods  used  in 
reaching  them.  The  authors  are  to  be  congratulated  on  having  given 
apparently  everything  necessary  for  intelligent  judgment. 

The  foregoing  reflections  are  not  in  any  way  suggested  by  defi- 
ciencies in  the  paper,  but  refer  to  its  minute  fulness.  As  regards 
hydraulic  methods  and  appliances,  every  possible  question  seems  to  have 
been  answered,  thus  leaving  one  free  to  discuss  the  broad  problem  of 
increase  of  friction  head  with  advancing  age  in  large  riveted  steel, 
wood-stave  or  other  water  conduits,  and  without  special  reference  to 
the  detail  of  the  present  experiments,  which,  taken  in  conjunction 
with  the  authors*  previous^  paper,  may  be  assumed  to  illustrate  the 
hydraulic  conditions  of  the  Ogden  pipe  in  considerable  detail. 

Broadly,  we  may  assume  that  many  water  conduits  decrease  some- 
what in  carrying  capacity  with  advancing  age.  The  paper  indicates  that 
for  the  Ogden  pipe,  this  decrease  is  greater  in  steel  pipe  than  in  wood. 
Indeed,  the  wood  pipe  is  shown  to  have  increased  in  carrying  capacity 
with  advancing  age.  The  reasons  for  these  differences  are  not  given, 
although  it  seems  clear  enough  that  an  investigation  of  flow  through 
a  water  conduit  which  reveals  such  marked  changes  in  carrying 
capacity,  as  well  as  difierences  between  two  kinds  of  pipes,  as  are  here 
indicated,  ought  to  be  accompanied  by  a  study  of  the  causes  for  such 
changes  and  differences. 

Engineers  sometimes  err  in  not  tracing  out  final  causes,  especially  • 
in  cases  like  the  present  one  where  fields  of  knowledge,  outside  of 
engineering  pure  and  simple,  require  to  be  traversed  in  order  to  reach 
an  adequate  solution.  Nevertheless,  the  writer  does  not  criticise  the 
paper  because  of  such  omission,  but  merely  mentions  it  as  a  sugges- 
tion for  future  work. 

In  1891,  when  the  writer  presented  his  paper  on  '<  The  Hydraulics 
of  the  Hemlock  Lake  Conduit  of  the  Bochester,  N.  Y. ,  Water- Works,"* 
drawing  the  conclusion,  from  certain  discharge  measurements  made  in 
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3890,  that  the  high  values  of  c  in  the  expression  v  =  cy^r  s,  previously  Mr.  Rafter, 
used  in  computing  flow  through  large  mains,  were  not  justified  by  the 
facts,  his  conclusions  as  to  the  relatively  low  values  of  c  really  applying 
to  riveted-steel  conduits,  were  somewhat  questioned.  Time,  however, 
is  a  great  clarifier,  and  not  only  are  the  writer's  views  as  to  the  lower 
values  of  c  now  universally  admitted,  but,  feioce  1891,  considerable 
energy  has  been  expended  in  showing  why,  in  large  steel  conduits  of 
some  age,  it  is  impossible  that  any  view  other  than  the  writer's  could 
possibly  apply.  On  this  line,  a  theory  of  gradual  deterioration  has 
been  built  up,  and  many  facts  have  been  gathered,  tending  to  sub- 
stantiate it. 

While  the  writer  has  no  desire  to  controvert  the  view  that  many 
water  conduits  have  decreased  in  carrrying  capacity  with  age,  he 
nevertheless  wishes  to  point  out  that  this  result  is  by  no  means  uni- 
versal— the  Ogden  wood-stave  pipe  is  a  case  in  point— and  that  there 
are  undoubtedly  a  considerable  number  of  water  conduits  a  long  time 
in  use,  which  are  to-day  discharging  at  full  capacity  substantially  as 
much  water  as  when  first  placed  in  service. 

Speaking  broadly,  the  evidence,  as  it  now  stands,  apparently  indi- 
cates that  steel-plate  conduits  are  particularly  subject  to  decrease  in 
carrying  capacity  with  increased  age.  So  far  as  the  writer  can  deter- 
mine, there  seems  to  be  a  practical  difficulty  in  coating  the  built-up- 
plate  conduits,  which,  in  some  degree,  militates  against  their  usefulneBS. 
It  is  true  that  coated  cast-iron  pipes  have  also  shown  decrease  in  carry- 
ing capacity,  but  not,  the  writer  concludes,  to  such  an  extent  as  the 
wrought-iron  or  steel-plate  conduits. 

As  regards  deficiencies  in  the  coating,  the  writer  is  unable  to  add 
very  much  to  his  discussion  of  Mr.  FitzQerald's  paper  on  ''Flow  of 
Water  in  48-In.  Pipes,"  presented  to  the  Society  in  1896,  and  it  is  pro- 
posed, therefore,  to  give  here  a  brief  account  of  what  may  be  termed 
the  biological  causes  for  the  decrease  in  carrying  capacity,  referred  to. 

So  far  as  present  information  goes,  difficulties  of  this  sort  have 
been  referred  to  two  classes  of  animal  life,  namely,  fresh- water  sponges 
and  fresh-water  polyzoa.  The  fresh-water  sponges  have  been  intro- 
duced to  the  Society  by  Mr.  FitzGerald  in  his  two  papers,  *'  Spongilla 
in  Main  Pipes  "*  and  *  Flow  of  Water  in  48-In.  Pipes,"  t  ^^t  without 
giving  any  account  of  them.  So  far  as  the  writer  now  recollects, 
aside  from  a  brief  reference  in  the  discussion  of  his  paper  on  ^*  The* 
Hydraulics  of  the  Hemlock  Lake  Conduit  of  the  Rochester,  N.  Y., 
Water- Works,"  the  polyzoa  have  not  been  considered  before  this  So- 
ciety as  the  cause  of  decrease  in  carrying  capacity  of  water  conduits. 
Hence,  the  writer  feels  justified  in  giving  a  brief  statement  of  the  habits 
of  the  sponges  and  polyzoa. 

♦  Transactiong.  Am.  Soc.  C.  E.,  Vol.  xv,  p.  887. 
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Mr.  Rafter.  Knowledge  of  the  Amerioan  forms  of  fresh-water  sponges  was  ex- 
tended greatly  by  the  monograph  *  of  Edward  Potts,  who  has  de- 
scribed and  figured  a  considerable  number  of  species,  and  his  paper 
may  be  referred  to  as  embodying  practically  all  that  we  know  about 
the  American  forms  of  these  interesting  animals. 

Some  of  the  fresh-water  sponges  may  form  incrustations  like  those 
described  by  Mr.  FitzGerald  in  his  paper  Mititled,  ''Flow  of  Water  in 
48-In.  Pipes,'*  although,  thus  far,  only  one  or  two  species  have  been 
certainly  identified  as  offending  in  these  particulars,  as,  for  instance, 
SpongiUa  Uxcustris  at  Boston,  and  Meyenia  fluvicUalis  at  Rochester.  It 
is  possible  that  on  further  study  other  forms  of  fresh-water  sponge 
may  be  found  to  be  giving  rise  to  this  trouble,  although,  aside  from 
one  or  two  forms,  such  supposition  is  rendered  slightly  improbable 
because  close  conduits  do  not  seem  to  be  the  natural  home  of  many 
species. 

According  to  Mr.  Potts,  fresh-water  sponges  do  not  differ  in  con- 
stitution and  general  appearance  from  marine  sponges,  except  that  the 
fresh-water  forms  are  characterized  by  the  presence  of  certain  seed-like 
bodies  called  gemmules  or  statoblasts,  and  which  are  in  effect  eggs 
from  which  new  colonies  issue.  *  These  gemmules  are  not  found  in 
marine  sponges. 

The  gemmules  are  nearly  spherical  and  about  iV  ui.  in  diameter. 
They  are  sometimes  found  floating  freely  in  waters  inhabited  by  fresh- 
water sponges.  As  to  the  methods  of  germination,  Mr.  Potts*  mono- 
graph may  be  referred  to  for  the  detail. 

Most  of  the  fresh-water  sponges  are  characterized  by  a  more  or  less 
vivid  green  color,  which,  however,  is  not  universal,  but,  according  to 
Mr.  Potts,  is  closely  dependent  on  the  quantity  or  quality  of  the  light 
received.  A  sponge  which  has  germinated  away  from  the  light  will 
be  nearly  white,  gray  or  cream  colored.  If  brought  into  full  sunlight, 
it  gradually  becomes  green,  finally  attaining  a  bright  vegetable  green. 
Some  species,  as  for  instance,  Meyenia  leidyi,  are  stated  to  never  become 
green.  On  this  account,  Meyenia  leidyi  may  be  expected  to  grow  in 
water  conduits,  where  there  is  entire  absence  of  light.  This  species  is 
further  characterized  by  a  persistent  habit  through  which  the  growths 
of  successive  seasons  rise  one  above  another,  forming  series  of  thin 
laminse.  In  this  way  it  sometimes  builds  up  smooth  rounded  promin- 
ences of  compact  texture.  The  fact  that  it  is  sometimes  found  at  con- 
siderable depths,  may  also  be  taken  to  indicate  that  this  species  may 
be  found  on  the  interiors  of  water  conduits. 

The  fact  that  most  of  the  sponges  are  naturally  of  a  bright  green 
color  must,  so  far  as  present  information  goes,  be  taken  to  indicate 

* '' ContribuUon  Towards  the  Synopsis  of  the  American  Forms  of  Fresh- Water 
Sponges,  with  Descriptions  of  those  Named  by  other  Authors  \n  all  Parts  of  the  World/* 
by  Edward  Potts.  Proceedings^  Academy  of  Natural  Sciences  of  Philadelphia  for  April- 
August,  1897. 


Digitized 


byGoogk 


Papon.]  DISCU88I0K  OK   FLOW  OF  WATER.  513 

that  their  natural  habitat  is  in  places  sometimes  snbjeot  to  exposure  Mr.  Baftar. 
to  light,  although  many  of  the  speoies  undoubtedly  prefer  subdued 
light.  Professor  Lankester  has  shown  the  oooasional  occurrence  of 
ohlorophylloid  green  coloring  matter  in  the  tissue  of  animals,  among 
others  in  fresh- water  sponges,  in  Meyenia  fluviatdlis,  A  fact  of  this 
character  tends  strongly  to  show  that  the  natural  habitat  is  to  be 
found  in  localities  at  any  rate  receiving  some  light,  although  it  ought 
not  to  be  overlooked  that  several  species  grow  in  places  where  the 
light  is  subdued.  Without  going  into  the  subject  extensively,  the 
writer  will  for  the  present  merely  state  his  opinion  that  this  is,  with 
many  species,  largely  a  question  of  convenient  attachment  to  a  fixed 
support,  rather  than  a  necessary  elementary  condition.  At  any  rate, 
the  presence  of  the  ohlorophylloid  coloring  substance,  in  either  plants 
or  animals,  implies  exposure  to  light.* 

The  fresh-water  sponges  are  widely  distributed  throughout  the 
United  States,  Mr.  Potts  stating  that  he  has  examined  SpongiUafragilis 
from  at  least  32  localities  in  18  States ;  Spongilia  lacustHs  from  26  local- 
ities in  16  States;  Meyenia fluviataiis  from  25  localities  in  14  States;  and 
Tubella  pennsyhanica  from  18  localities  in  11  States.  That  the  fresh- 
water sponges  are  subject  to  considerable  modifications  under  varying 
environments  is  indicated  by  the  statement  of  Mr.  Potts  that  hardly 
any  two  specimens  were  found  exactly  alike  in  their  so-called  typical 
features. 

The  place  of  the  fresh- water  sponges,  in  the  animal  kingdom,  is  found 
in  the  sub-kingdom,  Protozoa.  They  are,  therefore,  allied  to  the 
Infusoria  and  the  Bhizopods,  the  lowest  forms  of  invertebrate 
animals. 

The  fresh-water  polyzoa  are  a  much  higher  form,  being  found  in 
the  sub-kingdom,  MoUusca,  and  hence  related  to  the  Cephalopods, 
Gastropods,  and  other  relatively  advanced  forms  of  the  Molluscan 
sub-kingdom.  They  possess  a  complex  alimentary  system,  with  an 
oesophagus,  stomach  and  intestinal  tract.  They  also  have  a  nervous 
system  and  well-developed  muscles.  Some  species  grow  attached, 
while  others  are  free-floating.  Fixed  forms  are  usuaUy  found  immov- 
ably fastened  by  their  ectocysts  to  the  lower  surface  of  submerged 
stones  or  floating  timbers.  In  their  fully  developed  state,  the  polyzoa 
live  in  colonies,  a  large  number  of  individuals,  each  with  its  own  di- 
gestive tube,  tentacles,  nerve  ganglion,  muscles,  generative  organs, 
etc. ,  each  reproducing  itself  either  by  gemmation  or  fixed  statoblasts, 
while  all  continue  organically  united  in  a  single  group.  Beproduction 
is  either  by  budding  or  by  statoblasts.  When  from  buds,  they  grow 
from  the  side  of  an  adult  polypide.  Statoblasts  may  be  either  fixed  or 
free.  The  free  statoblasts  are  the  founders  of  new  colonies,  while 
buds  merely  increase  the  number  of  individuals  in  each  colony. 

*  For  reference  to  Professor  Lankester's  determinations  of  chlorophyl  in  minute 
animal  forms,  see  Backs'  '*Text  Book  of  Botany,"  p.  767. 


Digitized 


byGoogk 


514  DISCUSSION  ON   FLOW  OF  WATBB.  [Pftpeni* 

Mr.  Rafter.  Generally,  the  polyzoa  do  not  thrive  in  places  subjeot  to  the  direct 
action  of  sunlight.  Their  natural  habitat  seems  to  be  in  dark  places* 
Undoubtedly,  some  of  the  species  may  exist  in  entire  absence  of  light,, 
although  whether  they  thrive  vigorously  in  such  places  is  not  definitely 
known.  Oristatella  is,  however,  an  exception.  According  to  Professor 
Alman,  this  polyzoon  delights  in  exposure  to  the  full  infiuenoe  of  the 
sun,  and  may  be  seen  basking  upon  the  upper  side  of  submerged  stones, 
or  creeping  over  the  stems  of  aquatic  plants  in  lakes  and  ponds.  1^ 
Mr.  Hyatt,  however,  points  out  that  PectinateMa  apparently  prefers- 
strong  light  in  July  and  August,  but  cannot  stand  it  at  aU  in  October. 
In  the  summer  months  it  is  found  abundantly  distributed  in  exposed 
shallow  waters,  but  in  the  fall  it  disappears  from  such  locations,  and 
can  then  be  discovered  only  in  shaded  places  several  feet  below  the 
surface.  Colonies  of  PectinateUa  frequently  grow  several  feet  in 
diameter. 

Many  species  of  the  fresh- water  polyzoa  show  considerable  color, 
although  not  always  a  chlorophyllaceous  green.  PcUudiceila  is,  how- 
ever, an  olive  green  color.  Its  single  filaments  are  from  V&  to  tHr  ii^<  in 
diameter.  It  is  somewhat  unlikely  that  with  an  olive  green  color 
predominant  in  most  normal  specimens,  the  natural  habitat  is  found 
in  absolute  darkness.  Fredricella  may  be  cited  as  a  species  which 
apparently  prefers  nearly  absolute  darkness.  According  to  Mr.  Hyatt,, 
this  form  is  only  found  in*  the  darkest  places.  PlumateUa  is  another 
form  apparently  preferring  light,  and  which  is  frequently  found 
growing  from  the  ends  of  water  grasses,  without  any  protection 
whatever  from  light  and  heat. 

Aside  from  the  influence  of  light  on  the  development  of  color, 
there  are  two  other  facts  which  tend  to  show  that  the  fresh-water 
polyzoa  are  not  likely  to  grow  naturally  in  water  conduits.  In 
searching  for  them  along  streams  and  about  ponds,  they  are  only 
occasionally  found  in  rapidly  moving  water,  their  preference  being 
apparently  for  very  slowly  moving  or  quiet  water.  Nor,  have  they 
usually  been  found  in  water  of  more  than  3  or  4  ft.  in  depth,  the 
under  side  of  a  floating  plank  or  timber  being  usually  the  best  place 
to  find  them.  It  is  somewhat  doubtful,  therefore,  if  they  readily 
stand  heavy  water  pressure,  and,  hence,  so  far  as  the  present  infor> 
mation  goes,  we  should  only  accept  well-attested  statements  as  to  their 
presence  in  pressure  conduits. 

Another  difficulty  is  as  to  the  method  of  attachment.  With  a  per- 
fectly smooth  interior  surface,  there  is  apparently  no  way  by  which 
polyzoa  can  attach  themselves.  But  if  we  assume  a  broken  coating 
with  ragged  projections,  the  ease  becomes  very  simple.  Floating 
filaments  or  germinating  statoblasts  would  be  easily  caught,  and  large 

*  For  convenient  English  literature  of  the  fresh-water  polvzoa,  refer  to  ''  Alman 's 
Freeh-Water  Polyaoa,''  published  by  the  Ray  Society.  In  1866,  and  to  Hyatt's  Obsei^ 
rations  on  the  Poiysoa,  in  Proceeding*  of  the  fiasex  Institute,  Salem,  1886-A. 
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colonies  ultimately  dereloped.  Af  regards  fresh-water  sponges,  the  Mr.  Rafter, 
conditions  of  attachment  are  somewhat  similar,  although  the  sponge 
has  a  power  of  secreting  a  glney  snbetance  with  which  it  attaches 
itself  to  stones  in  running  water,  and  which  might  enable  it  to  become 
attached  in  slowly  moving  water  within  a  conduit.  In  the  case  of  the 
48-in.  pipe  examined  by  Mr.  FitzGerald,  it  appears  that  there  was  a 
break  in  the  coating  at  nearly  every  point  where  a  sponge  was 
attached.  But  whether  this  was  due  to  the  action  of  the  sponge  or 
was  the  original  cause  of  attachment,  is  unknown,  Beasoning  from 
purely  a  priori  considerations,  however,  it  appears  somewhat  probable 
that  breaks  in  the  coating  were  the  prime  cause. 

The  foregoing  very  brief  account  of  the  fresh-water  sponges  and 
polyzoa,  in  connection  with  decrease  of  carrying  capacity  of  water 
conduits,  is  sufficient  to  show  that  there  are  several  difficulties  to  be 
surmounted  before  a  safe  theory  of  deterioration,  which  shall  have 
universal  application,  can  be  successfully  formulated.  Nevertheless, 
the  writer  does  not  wish  to  be  understood  as  saying  that  in  some  cases 
decrease  in  carrying  capacity  may  not  proceed  from  these  causes, 
although,  broadly,  the  evidence  is  yet  too  indefinite  to  form  a  safe 
general  hypothesis.  That  is  to  say,  the  writer  accepts  the  well-observed 
special  cases,  but  is  not  satisfied  that  the  growth  of  such  forms  is  the 
universal  explanation.  The  known  preference  of  the  polyzoa  for 
slowly  moving  or  quiet  water,  together  with  the  development  of  color 
masses  akin  to  chlorophyl  in  the  fresh- water  sponges  and  possibly » 
also,  in  some  forms  of  polyzoa,  militates  somewhat  against  the  view 
that  they  develop  other  than  accidentally  under  the  conditions  of 
rapid  movement  and  absolute  darkness  prevailing  in  water  conduits. 

As  regards  chlorophyl  in  these  animal  forms,  it  is  not  believed  that 
it  performs  quite  the  same  functions  that  it  does  in  green  plants.  It 
is  intended  to  go  no  further  than  to  state  that  these  animal  forms  do 
develop  a  chlorophylloid  substance  which  is  undoubtedly  dependent 
upon  the  quantity  of  light  received.  For  such  forms  a  water  conduit 
does  not  appear  to  be  the  natural  habitat. 

Nevertheless,  the  fact  of  finding  polyzoa  attached  to  the  interiors 
of  water  conduits,  the  same  as  fresh- water  sponges,  ought  not  to  be 
ignored.  Very  interesting  questions  are  opened  up  by  such  a  discovery, 
and  some  engineer-biologist,  endowed  with  the  scientific  spirit  and  a 
fair  stock  of  patience,  has  here  an  opportunity  to  elucidate  a  problem 
which  is  not  only  scientifically  interesting,  but  which  has  very  import- 
ant commercial  bearings.  But  those  who  have  not  pursued  working 
biology  to  some  considerable  extent  may  well  await,  in  this  matter,  the 
opinion  of  the  qualified  expert,  because  probably  in  the  entire  range 
of  science  there  is  no  one  place  where  either  preconceived  opinions, 
or  those  founded  on  insufficient  data,  are  so  likely  to  be  modified  by 
study  and  experience  as  in  considering  the  difierent  manifestations  of 
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Mr.  Bafter.  life  and  the  modificationB  to  whioh  it  is  subject,  under  yarTing  enyi- 
ronment.  Realizing  this  trnth,  the  writer,  therefore,  stands  ready,  on 
the  presentation  of  acceptable  exidence.  to  modify  whatever  in  the 
nature  of  opinion  is  here  expressed. 
Mr.  Fenkeu.  aEOBOB  R  Feskjsll,  Jun.  Am.  Soc.  C.  E.  (by  letter).— There  is 
little  doubt  that  the  authors  have  obtained  for  large  wood  and  riveted 
pipe  the  most  satisfactory  set  of  experiments  ever  published.  The 
generalized  results  obtained,  however,  for  1897  and  1899,  show  a  con- 
siderable variation,  and  it  is  impossible  to  ascribe  the  cause  of  these 
discrepancies  to  the  effect  of  leaks  in  the  apparatus  or  to  anything  else 
connected  with  the  manipulation  of  the  instruments  or  the  readings  of 
the  same.  Some  of  the  single  observations  are  obviously  in  error,  as 
will  be  seen  later,  but,  on  the  whole,  they  show  very  careful  work,  and 
most  of  the  discrepancies  must  be  looked  for,  either  in  the  effect  of 
curvature  on  the  flow,  the  tunnel,  the  Yenturi  meters,  or  m  the 
reductions  of  the  observations. 

The  writer  will  not  attempt  to  discuss  the  first  three  reasons  given, 
but  will  confine  himself  entirely  to  a  criticism  of  the  reductions,  the 
results  of  which  the  authors  have  published  in  Tables  Nos.  3  and  4. 

A  method  of  judging  the  relative  value  of  experiments  on  the  flow 
of  water  through  pipes,  and  enabling  the  student  to  omit  such  obser- 
vations as  prove  to  be  unreliable,  having  given  the  velocity  and  the 
loss  of  head,  first  proposed  by  (Gardner  8.  Williams,  M.  Am.  Soc.  G.  £., 
and  since  used  by  him  and  Clarence  W.  Hubbell,  Jun.  Am.  Soc.  G.  R, 
on  a  wide  class  of  work,  is  used  by  the  writer. 
_^. 

velocity,  the  velocity  head  is  calculated  and  is  plotted  with  the  loss  of 
head  (Hf),  or  friction,  a  straight  line  through  the  origin  should  be  the 
resultant,  if  the  loss  of  head  varies  as  the  square  of  the  velocity. 

In  Figs.  6  and  7,  all  observations  in  each  series  are  shown  in  this 
manner.  It  is  a  well-known  fact  that  the  most  satisfactory  way  to 
study  the  relations  existing  between  a  series  of  two  quantities  is  by 
plotting  on  squared  paper;  and  it  is  generaUy  customary  to  average 
the  results  thus  obtained  (if  a  straight  line)  by  means  of  a  fine  thread, 
which  can  be  moved  about  until  the  best  average  seems  to  have  been 
found.  The  writer  knows  of  no  discussion  on  this  subject,  and  it 
seems  to  have  hardly  been  considered  by  hydraulic  engineers.  In  this 
discussion  the  average  line  is  found  by  first  finding  the  center  of 
gpravity  of  an  entire  series,  by  dividing  the  sum  of  the  ordinatee  and 
the  sum  of  the  abscissas  by  the  number  of  observations.  The  series 
is  then  divided  into  two  parts  by  the  center  of  gravity.  The  center  of 
gravity  of  each  of  these  two  parts  is  found  and  is  plotted  on  Figs.  6» 
7,  8  and  9  with  three  concentric  circles.  This  method  was  first  sug- 
gested to  the  writer  by  Mr.  C.  W.  Hubbell.     These  two  points,  which 


If  tT*  =2^A,  A  =  ^-^^  =  velocity  head  =  ff^      If,  for  each  given 
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afr.  Fenkeli.  are  in  line  with  the  center  of  gravity  of  the  entire  Beriee,  determine  the 
position  of  the  average  line,  and  only  in  rare  instancee,  with'  ordinary 
experiments,  would  this  line  pass  precisely  through  the  origin. 

It  is  probable,  however,  that  all  errors  due  to  observation,  personal 
error  of  the  observer,  calibration  of  instruments  and  leaks  or  air 
babbles  in  the  gauge  connections,  are  nearly  constant  for  all  velocity 
heads,  and  hence  for  all  velocities,  and  if  the  average  line  for  a  series 
of  points  is  moved  parallel  to  itself  until  it  passes  through  the  origin, 
it  will  then  be  the  average  line  if  all  errors  are  eliminated  from  the 
observations. 

It  is  also  evident,  after  plotting  all  points,  that  a  few  are  in  error  to 
such  an  extent  that  they  had  better  be  dropped  entirely.  Most  of 
these  are  mentioned  by  the  authors  as  being  of  a  doubtful  nature,  and 
in  Figs.  6  and  7  they  are  all  marked  '*  omit."  In  the  experiments  on 
the  wood  pipe,  for  1897,  Manometer  3-4,  Observations  35  and  46  are  so 
treated.  In  the  experiments  on  the  wood  pipe,  for  1899,  Manometer 
3-4,  Observations  35,  36,  50  and  51  were  dropped,  while  with  Mano- 
meter 5-6  all  are  considered  I'eliable.  Observations  16,  15,  10,  29  and 
28  are  omitted  from  the  experiments  on  the  steel  pipe,  for  1897,  and 
Observation  30  from  the  1899  experiments.  The  lines  deduced  from 
the  reliable  points  are  drawn  in  Figs.  6  and  7,  and  their  equations 
are  as  follows,  H^  referring  to  velocity  head  and  Hfio  loss  of  head  per 
thousand  feet,  or  friction: 

Six-FooT  Wood  Pxpk. 

Manometer  »-4,  1897 Hy.=  «.e57Hp  +0.0818 

»'     18W iry.=  8.808  fl^ -0.0188 

5-«,  18M H^=  8.884  H„ +0.0079 

Six-FooT  Stkbl  Pxfb. 

Manometer  1-8,  1897 H^=8.889H„  —0.0079 

"    1809 H^=8.860ir^  +0.0IB8 

These  equations  are  the  average  lines  as  plotted,  and  the  constant 
denotes  the  distance  on  the  vertical  axis  that  the  line  passes  from  tfie 
origin.  If  each  one  is  moved  parallel  with  itself  until  it  passes 
through  the  origin,  they  then  drop  the  constant  and  become: 

Stz-FooT  Wood  Pips. 

Manometer,  8-4,1897 Hy=  8.687  5^ 

"    1890 ff^=:8.808fl^ 

6-6,1899 Hj.  =8.884ir^ 

Sn-FooT  Stkbl  Pipe. 

Manometer,  1^,  1897 Hy.  =  8.869  H^ 

"  "    1899 Bj^  =z8.8B0fl^ 

These  equations  show  the  relation  existing  between  the  velocity 
head  and  the  loss  of  head,  and,  consequently,  with  a  given  velocity,, 
by  multiplying  its  velocity  head  by  the  coefficient  of  H^  as  given  in 
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Mr.  Fenkeil.  any  of  the  foregoing  equations,  the  result  will  be  the  loss  of  head  per 
thousand  feet  for  that  particular  pipe.  Table  No.  8  has  been  deduced 
from  these  equations,  and  shows  the  results  as  compared  with  those 
given  in  Tables  Nos.  3  and  4,  and  the  values  of  c,  in  the  formula 
tj  =  c  V^  r  «,  as  compared  with  those  given  by  the  authors. 

TABLE  No.  8. 
Six-FooT  Wood  Fife.    GenebaiiIzed  Results. 


I 


(1) 

1.0 
1.6 
2.0 
8.6 
8.0 
8.5 
4.0 
4.6 
6.0 
5.6 


Manomstbb  8-4. 


I 


(») 

0.0166 
0.0840 
0.0<B1 
0.0071 
O.1806 
0.1900 
0.9486 
0.8144 
0.888SS 
0.4097 


te" 


(3) 

0.041 
0.008 
0.106 
0.868 
6.871 
0.606 
0.600 


is 


(4) 

0.006 
0.188 
0.900 
0.999 
0.400 
0.587 
0.078 


(5) 

197.8 
197.8 
187.8 
187.8 
187.8 
187.8 
187.8 


.1^ 

^5& 


(6) 

100 
110 
116 
110 
188 
194 
186 


MXSOKETKR 
8-1 


to-" 


(V 

0.048 
0.098 
0.174 
0.879 
0.809 
0.688 
0.697 
0.881 
1.068 
1.817 


(8) 

194.6 
194v5 
194.5 
194.6 
194.5 
194.6 
194.6 
194.5 
194.5 
194.5 


HANOmTKB  6-6. 


(») 

0.044 
0.009 
0.176 
0.875 
0.896 
0.680 
0.704 
0.891 
1.100 
1.881 


85 


(10) 

0.049 
0.106 
0.184 
0.884 
0.404 
0.648 
0.719 
0.898 
1.106 
1.886 


(11) 

198.9 
198.9 
198.9 
198.9 
198.9 
198.9 
198.9 
188.8 
188.8 
193.8 


.1- 

8 


(151) 

116.0 
118.7 
119.0 
190.8 
191.4 
191.7 
199.0 
199.9 
198.4 
198:5 


Six-FooT  Steel  Pipe.    Qenerauzed  Bbsui/fs. 


^ 

1 
^ 


(13) 

1.0 
1.6 
9.0 
9.5 
8.0 
8.6 
4.0 
4.6 
6.0 
6.6 


1897. 


1 


(1*) 

0.0156 
0.0649 
0.0081 
0.0971 
0.1896 
0.1908 
0.9486 
0.8144 
0.8889 
0.4097 


Hanoiotkb  1-9. 


h^ 


(15) 

0.000 
0.185 
0.940 
0.876 
0.641 
0.786 
0.961 


(16) 

0.066 
0.121 
0.990 
0.866 
0.610 
0.678 
0.863 


^'S 


(IT) 

106.5 
1U6.6 
106.6 
106.6 
106.6 
106.6 
106.6 


1899. 


I 


(18) 

110 
111 
110 
108 
108 
110 
111 


t^^ 


(19) 

0.060 
0.184 
0.289 
0.874 
0.588 
0.788 
0.967 
1.810 
1.494 
1.808 


MAxromTKR  1-8. 


1^ 


(ao) 

0.100 
O.IT? 
0.277 
0.405 
0.570 
0.766 
0.987 
1.287 
1.616 
1.884 


9 

a 
s 
o   . 

S 
2 


(»i) 

106.6 
106.6 
106.6 
106.6 
106.6 
106.6 
106.6 
106.6 
106.6 
106.6 


(»a) 

81.6 
98.0 
96.0 
101.8 
108.4 
108.8 
106.8 
104.8 
104.7 
106.0 
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It  is  evident  that  if  the  straight  line  passes  through  the  origin,  Mr.  FenkeU. 


cc  Hf  cc  H^,  and  as  r  is  con- 


•  —  ^ 

H^ccHf,    Ift?  =  cvr«,  c=    / —    As  u* 

stant  for  each  size,  c  will  remain  constant  for  all  yelocities  in  the 
same  pipe,  as  shown  in  the  table.  This  method  of  reducing  the  obser- 
Tations  shows  considerable  decrease  in  the  carrying  capacity  of  the 
wood  pipe,  while  that  of  the  steel  pipe  is  slightly  increased.  This 
increase  is  so  small,  however,  that  it  should  not  be  considered,  as  it 
represents  a  fineness  hardly  justified  by  the  experiments.  It  does 
show,  however,  that  the  carrying  capacity  of  the  steel  pipe,  as  nearly 
as  can  be  calculated,  was  the  same  in  1899  as  in  1897. 


TABLE  No.  9.— BocHBSTEB  88-Ingh  Bxkel  Fife,  1897. 
Emil  KmcHLiNo,  M.  Am.  Soc.  C.  E. 


Velocity. 

Velocity 
Head. 

Lo«8  per 
1000?r 

Loes  per  1000 
ft.  Annual 

c. 
From  Ck)lumn 

c. 
From  Annual 

Hv. 

Bf. 

Report 

8. 

Report. 

(1) 

(») 

(3) 

(*) 

(») 

(e) 

1.28807 

0.08888 

0.1518 

0.1689 

118.8 

109.07 

1.96486 

0.09448 

0.1660 

0.1645 

118.8 

118.41 

1.82886 

0.08888 

0.1474 

0.1418 

118.8 

115.41 

1.16066 

0.08067 

0.1806 

0.1889 

118.8 

116.68 

1.10751 

0.01907 

0.1811 

0.1178 

118.8 

114.96 

1.08060 

0.01618 

0.1087 

0.1048 

118.8 

118.08 

0.89T90 

0.01866 

0.0797 

0.0819 

118.8 

111.68 

0.81418 

0.01089 

0.0668 

0.0616 

118.8 

116.48 

0.68748 

0.00680 

O.OMO 

0.0897 

118.8 

118.66 

0.506S5 

0.00896 

0.0961 

0.0854 

118.8 

118.68 

TABLE  No.  10.— 42-In.  Conduit,  East  Jersey  Water  Company,  1896. 
J.  Waldo  Smith,  M.  Am.  Soc.  C.  E. 


No.  of 
Obeenratlon. 


(1) 

869 

860 

861 

868 

868 

864 

865 

866 

867 

868 

870 


Velocity. 

Weight, 

Velocity 
Head. 

Lom  per 

1000  ft. 

Loss  per 
1000  FT 

^r. 

^/. 

"116  Exp." 

(») 

(3) 

(*) 

(«) 

(6) 

8.81 

B. 

0.0768 

0.461 

0.68 

8.08 

B. 

0.1416 

0.86 

0.93 

8.90 

B. 

0.2868 

1.44 

1.45 

4.09 

a 

0.840S 

8.08 

8.14 

4.69 

B 

0.8271 

1.99 

8.04 

4.70 

A 

0.U15 

8.08 

8.18 

4.99 

a: 

0.8868 

1.74 

1.80 

8.68 

A. 

0.8046 

1.84 

1.81 

8.91 

A. 

0.1816 

0.80 

0.86 

8.10 

A. 

0.C686 

0.48 

0.47 

4.99 

A. 

0.8868 

8.85 

8.40 

c. 

From 

Column  5. 


110.1 
110.1 
110.1 
110.1 
110.1 
110.1 
110.1 
110.1 
tlO.l 
110.1 
110.1 
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TABLE  No.  11.— 8.58-Ft.  Plumb  at  Holtoks,  1887. 
CiiBMENS  Hbbscheii,  M.  Am.  Soo.  G.  E. 


No.  of 
Observation. 

Velocity. 

Velocity 
Head. 

LoM  per 
1000  ft. 

Loss  per 

1000  ft. 

"116  Exp." 

c. 

From 

Ooluiim4. 

c. 

From 

"116  Exp." 

(1) 
601 

(») 

0.5 
1.0 
1.5 
8.0 
8.5 
8.0 
8.6 
4.0 
4.5 

(3) 

0.0069 
0.0155 
0.0849 
0.0681 
0.0971 
0.1896 
0.1908 
0.8486 
0.8144 

0.0104 
0.0418 
0.0987 
0.1660 
0.8680 
0.8714 
0.6054 
0.6608 
0.8864 

(») 

0.0078 
0.0890 
0.0688 
0.1588 
0.8481 
0.8680 
0.4008 
0.6680 
0.8850 

(•) 

106.1 
'    106.1 
106.1 
106.1 
106.1 
106.1 
106.1 
106.1 
106.1 

186.5 

508 

116.6 

508 

118.7 

504 

110.8 

606 

106.8 

606 

107.7 

507 

106  9 

506 

106. S 

609 

105.6 

Fig.  8  represents  the  observations  on  the  38-in.  steel  conduit,  at 
Rochester,  made  by  Emil  Knichling,  M.  Am.  Soc.  C.  E.,  in  1897,* 
and  the  writer  believes  them  to  be  the  best  experiments  on  large 
riveted  pipe  ever  made  at  low  velocities.  In  Table  No.  9  the  loss  per 
thousand  feet  and  values  of  c  are  compared  with  those  published 
by  Mr.  Kuichling.  This  table  was  deduced  in  the  same  manner  as 
those  for  the  6-ft.  wood  and  steel  pipes. 

Pig.  9  shows  a  few  of  the  results  on  the  East  Jersey  Water  Com- 
pany's 42-in.  riveted  pipiB,t  obtained  by  J.  Waldo  Smith,  M.  Am.  Soo. 
G.  E.  Although  a  large  number  of  observations  were  made  on  this 
company's  conduits,  they  were  taken  on  so  many  different  lengths, 
with  but  few  series  on  the  same  pipe  through  a  range  of  velocities, 
that  only  a  part  of  them  is  capable  of  being  worked  up  in  this  man- 
ner. Many  of  them  show  wide  discrepancies;  that  which  is  shown 
being  the  best  one  published.  Fig.  9  also  shows,  in  like  manner,  the 
generalized  results,  taken  from  an  average  line,  of  the  experiments 
on  an  8.58-ft.  flume,  J  152.88  ffc.  long,  by  Clemens  Herschel,  M.  Am. 
Soc.  C.  E.  As  the  single  observations  were  not  published,  it  is  im- 
possible to  tell  the  amount  of  averaging  necessary  to  produce  the 
published  results.  A  comparison  of  published  results  and  those 
calculated  by  the  writer  on  these  pipes  is  shown  in  Table  No.  11. 

In  order  to  test  a  set  of  experiments  by  this  method,  it  is  necessary 
to  have  a  considerable  range  of  velocities  on  the  same  length  of  pipe, 
and  the  first  series  by  the  authors  was  the  first  set  so  taken  on  large 
stave  pipe.  Figs.  6  and  7  show  the  best  sets  of  experiments  on  large 
riveted  pipe,  to  date,  which  can  be  tested  by  this  method.     It  is  to  be 

*  ''  Annual  Report,  Executive  Board/'  Rochester,  1897. 

t  "  116  Experiments  on  the  CarrTinir  Capacity  of  Large  Riveted  Metal  Ck)nduit8,  up 
to  6  ft.  per  second  of  Velocity  of  Flow,^  by  Clemens  Herschel,  M.  Am.  Soc.  C.  E. 

X  Transactional  Am.  Soc.  C.  E.,  VoL  xvii,  1887,  and  "  116  Experiments,''  by  Clemens 
Herschel. 
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regretted  that  the  experiments  on  the  Astoria  wooden  and  riveted  Mr.  Fenkeii. 
pipe,  by  Arthur  L.  Adams,*  M.  Am.  Soo.  C.  £.,  are  not  capable  of 
such  comparison. 

D.  G.  Henny,  M.  Am.  Soo.  C.  £.  (by  letter). — In  his  discussion  of  Mr.  Henny. 
the  first  series  of  experiments  the  writer  touched  upon  some  elemen- 
tary factors  which  in  the  first  paper  had,  in  his  judgment,'  failed  to 
receive  the  attention  they  deserved.  Being  cognizant  of  the  fact  that 
the  first  experiments  were  to  be  supplemented  and  extended,  he 
hoped  that  an  opportunity  would  be  sought  to  remove  more  fully  the 
doubt  which  seemed  justified  regarding  some  of  these  points.  In  this 
respect,  the  writer  confesses  to  some  disappointment,  the  more  severe 
as  he  realizes  the  scarcity  of  available  information  and  the  perhaps 
unduly  enhanced  value  which  is  likely  to  be  accorded'  to  individual 
experiments. 

Diameter, — In  the  present  paper  the  authors  have  continued  to 
assume  the  interior  diameter  of  the  stave  pipe  at  72}  ins.  No  mention 
is  made  of  any  check,  by  actual  measurement,  upon  this  assxunption, 
which,  for  reasons  stated,  the  writer  considered  as  probably  incorrect. 
He  can  now  add  that,  last  January,  he  made  a  hasty  examination  of 
the  wooden  pipe  at  the  point  where  it  crosses  the  trestle,  at  Station 
276,  at  which  point  Manometer  No.  3  was  located.  He  found  that 
while  the  assumed  interior  diameter,  72}  ins.,  corresponds  with  the  pro- 
jection of  thread  at  each  lug  of  3}  ins.,  the  actual  projection  exceeded 
this  in  every  case.  On  a  few  of  the  bolts  he  measured  a  projection  of 
8  ins. ,  made  possible  only  by  the  placing  of  dozens  of  washers  or 
fillers  under  the  nuts.  Whether  the  bolts  themselves  were  longer  than 
stated  by  Mr.  Goldmark  in  his  paperf  on  the  Pioneer  Power  Plant  the 
writer  had  no  means  at  hand  for  determining.  The  exposed  portion 
of  the  pipe  had  the  appearance  of  having  been  re-cinched,  after  com- 
pletion, to  stop  leakage,  it  being  observed  incidentally  as  an  interesting 
fact,  that  many  of  the  pressed-steel  lugs  had  become  badly  deformed, 
the  side  walls  having  generally  bent  inward  until  in  some  cases  they 
touched  at  the  top. 

The  possibility  of  such  reduction  in  diameter  emphasizes  the  un- 
certainty, well  known  to  wooden-pipe  builders,  of  basing  an  estimate 
of  the  probable  diameter  of  a  stave  pipe  upon  the  original  width  of 
the  individual  staves,  as  appears  to  have  been  done  by  the  authors. 

It  is  not  contended  that  the  apparent  reduction  of  diameter  here 
observed  renders  a  similar  excessive  reduction  likely  where  the  pipe  is 
buried.  The  probabilities  are  the  other  way,  yet  it  leaves  it  pertinent 
to  ask  why  the  authors  have  omitted  to  present  measurements  of  the 
outer  circumference  of  the  pipe,  readily  obtainable  at  the  various 
points  where  the  pipe  passes  over  bridges  and  trestles.     Even  if  such 

*  Tia-nMLction^  Am.  Soc.  C.  E.,  Vol.  xzxvi,  p.  1. 
t  TrantacHOM,  Am.  Soc.  C.  E.,  Vol.  xxxviil,  p.  870. 
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Mr.  Henny.  meastiremeDts  could  not  be  accepted  as  true  averages  they  would 
have  defined  more  clearly  the  relative  importance  of  the  possible 
error  due  to  this  cause.  The  writer  believes  that  at  the  point  ex> 
amined  by  him  the  pipe  may  well  have  been  less  than  71  ins.  in  dia- 
meter, and  have  had  an  area  close  to  5%  less  than  that  assumed. 

It  was  contended  by  the  authors  in  their  first  paper  *  that  there 
.  was  no  need  of  such  measurements:  First,  because  similar  uncertainty 
as  to  diameter  would  exist  in  other  stave  pipe,  which  the  writer 
cannot  admit,  because  experience  makes  it  possible,  in  the  construc- 
tion of  stave  pipe,  to  approximate  closely  to  the  desired  diameters; 
and  second,  because  the  possible  error  attributed  to  this  cause  would 
be  insignificant  for  the  purpose  of  explaining  the  disparity  in  results 
of  the  Ogden  and  previous  experiments,  which  is  also  objected  to  aa 
imposing  an  illogical  and  irrelevant  limitation  upon  the  accuracy  of 
the  experiments. 

Presence  of  Air. — The  writer  has  failed  to  find  any  information  as 
to  the  air  which  had  accumulated  at  summits  where  it  could  be  blowiL 
off.  Check  valves  to  be  depressed  with  a  bar  afforded  the  only  means 
for  releasing  air,  and  these  did  not  occur  at  all  summits,  judging  from, 
the  profile  f  presented  by  Mr.  Goldmark.  In  this  respect  the  long: 
section  of  stave  pipe  is  not  as  thoroughly  protected  as  the  shorter  sec- 
tion with  the  tunnel  relief  shaft  at  its  upper  end.  Air  at  summits^ 
where  it  cannot  be  blown  off,  does  not,  in  the  writer's  opinion,  neces- 
sarily reveal  its  presence  through  any  irregularity  in  the  results  of 
experiments. 

Presence  of  Sediment. — It  was  considered  highly  improbable  by  Mr* 
Goldmark  that  sediment  could  have  affected  seriously  the  first  experi- 
ments on  the  short  section  of  stave  pipe,  because  the  pipe  had  been  in 
uBe  only  a  few  months  previous  to  the  time  the  experiments  were 
made.  This  argument  does  not  hold  good  in  the  present  instance,  two 
years  having  elapsed.  The  importance  of  this  matter  has  become 
forcibly  impressed  upon  the  writer's  mind  by  a  recent  occurrence  which 
is  of  interest  in  this  connection. 

The  light  wooden  trestle  carrying  the  52-in.  inverted  stave-pipe 
siphon,  on  the  line  of  the  Santa  Ana  Canal:^  across  Deep  Canon,  near 
Itedlands,  Cal.,  was  originally  designed  for  a  load  equal  to  the  weight 
of  the  pipe  and  water  immediately  over  it.  No  account  was  taken,  so 
far  as  tiie  writer  is  aware,  of  the  additional  load  due  to  thrust  from 
vertical  curvature,  amounting,  as  was  shown  in  his  discussion  of  the 
paper  mentioned,  to  over  40%  of  the  load  figured  on.  The  trestle  set- 
tled considerably  at  the  time  of  filling  the  pipe,  and  in  the  course  of 
years  showed  further  dangerous  signs  of  weakness,  until,  a  short  time 

•  TranMctions,  Am.  Soc.  C.  E.,  Vol.  xl,  p.  657. 

t  Trangactions,  Am.  Soc.  C.  E.,  Vol.  xxxvill,  p.  266. 

t  Traruactionsy  Am.  Soc.  C.  £.,  Vol.  xxxiii,  Plate  xvil. 
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ago,  a  portion  of  it  collapsed,  carrying  a  part  of  the  pipe  down  with  Mr.  Henoy. 
it.  It  then  became  apparent  that,  for  about  60  ft.  in  length,  the  pipe 
had  gradually  filled  with  fine  sand,  which  had  become  indurated, 
and  which  had  left  only  a  small  passage  for  the  water  in  the  lower 
reaches  of  the  siphon.  The  sediment  had  added  to  the  load,  and  had 
probably  contributed  materially  to  the  disastrous  result.  So  far  as 
this  incident  concerns  the  present  discussion  and  the  possibility  of  the 
formation  of  sediment  in  pipe  lines  generally,  it  should  be  understood 
that  during  the  last  three  or  four  years,  only  a  very  small  flow  of 
water  had  passed  through  the  pipe,  which  had  thus  been  converted 
into  a  long  settling  basin;  and  that  the  sand-box  at  the  upper  end  of 
the  canal  may  not  have  been  effective  or  properly  operated.  Yet,  con- 
sidering all  circumstances,  the  probability  of  a  serious  amount  of 
sediment  forming  in  this  siphon  did  not  seem  great. 

The  Ogden  pipe  takes  water  directly  from  a  similar  mountain 
stream;  its  intake  is  believed  to  be  unprovided  with  any  sand-trap  or 
settling  basin,  and  the  writer  understands  that  the  small  percentage  of 
the  total  available  power  ordinarily  utilized  calls  for  only  a  low  velocity 
in  the  pipe. 

Unless  definite  information  can  be  presented,  tending  to  prove  the 
pipe  to  have  had  a  clear  section,  it  is  necessary  to  fall  back  upon  a 
comparative  study  of  results,  and  with  this  end  in  view  Table  No.  12 
has  been  deduced. 

TABLE  No.  12.— Experiments  on  Six-Foot  Stave  Pipe. 


Oroup. 

Velocity, 

in  feet 

per  aecond. 

'                      VALUK  of  C  »  THE  ChBST  FORMULA. 

1                   Short  Section. 

Long  Section. 

1                             1 

,            1807.                           1800. 

IHOO. 

'   Deduced  from 
1  average  curve. 

vations  for  each  group 

(1) 

(«) 

1      '») 

(*) 

(ft)    • 

J 

1.176 
1.244 
2.126 
2.144 
8.280 
8.824 
4.846 

'               104             ;                 166 

117 

N. 

106 
116 
116 
128 

1 *** 

187 
116 
118 
127 
124 
126 

118 

L 

121 

/. 

no 

K. 

121 

M 

121 

T 

128 

Table  No.  12  gives  the  values  of  c  for  the  velocities  indicated  in 
Column  2.  Column  3  gives  these  values  as  deduced  from  the  average 
curve  dedaced  from  the  1897  experiments  on  the  short  section   of 
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Mr.  Henny.  stave  pipe.  Column  4  gives  the  values  fonDd  on  the  same  section  of 
pipe  in  1899,  and  Colnmn  5  gives  the  valnes  found  on  the  long  section 
of  pipe  in  1899. 

The  grave  disparity  which  may  be  observed  in  the  results  for  low 
velocities  is  sufficient  to  cause  their  rejection.  For  velocities  above 
above  1.5  ft.  per  second  the  results  agree  in  a  satisfactory  manner. 

As  regards  the  presence  of  sediment,  the  comparison  gives 
undoubted  weight  to  the  assumption  that  if  no  sediment  were  present 
in  the  short  section  of  pipe  in  1897,  there  probably  was  none  in  1899. 
From  the  close  agreement  of  the  experiments  on  the  short  and  long 
section  (Columns  4  and  5),  the  further  deduction  may  be  made  that 
the  long  section  must  also  have  been  practically  free  from  sediment. 
The  writer  believes,  however,  that  this  chain  of  reasoning  is  not  suffi- 
ciently strong  to  depend  on  for  conclusions,  where  the  physical  facts 
in  the  case,  so  far  as  understood  by  the  writer,  rather  favor  the  infer- 
ence that  some  unknown  amount  of  sediment  may  have  been  "present 
in  the  pipe.  Blow-off  gates,  as  argued  before,  would,  upon  their  first 
discharge,  have  afforded  the  means  of  establishing  the  presence  or 
absence  of  sediment  at  least  at  or  near  the  points  where  attached.  If 
they  have  been  utilized  for  this  purpose  the  writer  has  failed  to  find 
any  mention  of  it  by  the  authors. 

Curvature, — Experiments  to  determine  the  effect  of  sweeping  curves 
upon  the  loss  of  head  in  pipe  lines  are  yet  to  be  undertaken.  Measur- 
ing the  loss  of  head  due  to  short  and  sharp  curves  is  not  believed  to 
furnish  a  safe  guide  in  this  respect.  Short  elbows  alternating  with 
long  tangents  in  a  pipe  line  are  likely  to  have  only  a  local  effect  upon 
the  motion  of  the  particles.  Skin  friction  in  the  straight  reaches  will 
tend  to  oppose  the  disturbance  and  will  favor,  and  probably  repro- 
duce, approximately  parallel  and  rectilinear  motion.  With  long 
curves,  the  centrifugal  force,  while  smaller  in  amount,  has  longer 
time  to  act  and  to  establish  a  regime  of  its  own  for  each  particu- 
lar curve,  which,  whatever  it  may  be,  whether  a  generaUy  rotating 
motion,  or  arbitrary  eddying,  is  sure  to  increase  the  frictional  loss. 
With  comparatively  short  tangents  intervening,  the  new  r^gimey  after 
being  established,  will  extend  into  the  next  curve,  and  be  either  con- 
firmed or  destroyed  to  make  place  for  another  general  scheme  of  move- 
ment, and  every  change  of  motion  involves  additional  loss. 

With  a  pipe  line,  such  as  was  available  to  the  authors,  having 
hardly  any  true  tangents,  it  was  impracticable  to  study  the  effect  of 
curvature  independently.  Moreover,  it  must  be  admitted  that  most 
wooden  pipe  lines  have  a  considerable  percentage  of  easy  curvature. 
Being  familiar  with  a  large  number  of  stave  pipe  lines  now  in  use,  the 
writer  will  say,  however,  that  he  knows  of  none  where  the  percentage 
of  true  tangents,  especially  if  expressed  in  diameters,  is  so  small  as 
would  appear  to  be  the  case  with  the  Ogden  pipe  line,  judging  from  the 
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plan  and  profle  shown  in  Mr.  Goldmark's  paper.  And  especially  is  this  Mr.  Henny. 
tme  if  the  Ogden  pipe  line  be  compared  in  this  respect  with  stave  pipe 
lines  elsewhere,  experiments  whereon  have  been  recorded.  Specula- 
tion on  this  subject  may  be  fruitless,  yet  it  emphasizes  the  necessity 
of  entering  this  field  analytically  before  hydraulicians  can  hope  to 
make  material  progress. 

General  Remarks. — The  writer  wishes  to  reiterate,  that  possible 
presence  of  air  and  sediment,  as  well  as  probable  deficiency  in  diameter, 
if  causing  error  at  all,  have  produced  cumulative  results  in  increasiug 
the  value  of  c;  while  an  unusuaUy  high  percentage  of  length  of  curves 
tends  in  the  same  direction.  Whether  the  combined  effect  may  be 
deemed  sufficient  to  bring  these  experiments  in  line  with  those  previ- 
ously undertaken  with  smooth  surfaced  conduits  of  various  classes,  or 
whether  a  serious  doubt  should  be  entertained  as  to  the  accuracy  of 
the  Kutter  formula  as  applied  to  smooth-bore  pipe,  can  hardly  be  set- 
tled satisfactorily  until  additional  light  be  thrown  upon  this  complex 
subject.  In  the  absence  of  additional  and  convincing  information  to 
the  contrary,  the  writer  inclines  to  the  former  proposition.  Moreover, 
the  new  experiments  on  the  stave  pipe,  taken  by  themselves,  constitute 
a  forcible  confirmation  of  the  accuracy  of  the  Kutter  formula  so  far  as 
it  accounts  for  change  in  velocity. 

The  experiments  on  the  steel  pipe  strengthen  the  belief  that  the 
Kutter  formula  offers  no  advantage  over  the  simple  Cbezy  formula. 

On  the  important  subject  of  effect  of  time  on  the  carrying  capacity, 
the  experiments  shed  some  valuable  light.  Table  No.  4  is,  in  this 
respect,  not  as  conclusive  as  Table  No.  12,  since  the  latter  permits  of 
a  comparison  of  the  experiments  of  1897  and  1899  on  the  same  section 
of  stave  pipe.  The  value  of  c  shows  no  diminution  during  the  two 
years'  interval.  With  the  steel  pipe,  the  diminution  in  carrying  capa- 
city is  very  marked,  considering  the  short  time  the  pipe  has  been  in 
use,  and  while  the  earlier  experiments  indicate  a  superiority  in  the 
carrying  capacity  of  stave  pipe  over  steel  pipe,  of  about  12%  for  3*  ft. 
velocity,  this  difference  appears  to  have  increased,  in  the  course  of  two 
years,  to  20  per  cent. 
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THE  ALBANY  WATER  FILTRATION  PLANT. 
Discussion.* 


By  Messrs.  G.  L.  Christian,  John  C.  Trautwine,  Jr.,  and  AliiEN  Hazbn. 


Mr.  Christian.  G.  L.  CHRISTIAN,  Assoc.  M.  Am.  Soc.  G.  E.  (by  letter).— This  paper 
is  a  valuable  addition  to  the  literature  of  water  filtration.  The  large 
death  rate  from  typhoid  fever  before  the  construction  of  the  filter,  and 
the  material  reduction  in  the  deaths  from  that  cause  alone  would  justify 
the  expenditure  necessary  for  its  installation.  But,  when  all.  the 
inhabitants  use  the  filtered  water  it  would  seem  that  the  death  rate 
should  be  decreased  even  more  than  it  has  been. 

The  writer  was  interested  in  the  cracks  in  the  concrete  and  brick 
masonry  caused  by  the  low  temperature.  He  was  also  interested  in 
Mr.  Rafter's  remarks  on  that  subject,  having  had  a  similar  experience 
some  years  ago  while  engaged  on  a  reservoir  in  which  there  was  a 
straight  masonry  wall  approximately  475  ft.  long.  The  height  of  this 
wall  from  the  bottom  of  the  reservoir  to  the  under  side  of  the  coping  was 
26  ft.   Its  thickness  was  4  ft.  at  the  top  and  13  ft.  6  ins.  at  the  bottom. 

It  was  built  of  second-class  rubble  masonry,  the  constituents  being 
a  freshly  quarried  gneiss  of  good  quality  and  a  mortar  composed  of 
2  parts  sand  to  1  of  a  standard  American  Portland  cement. 

The  rock  was  all  cleaned  and  washed  immediately  before  being  laid, 
and  the  work  was  done  by  good  masons,  of  experience  in  that  line  of 
work,  and  who  were  under  constant  supervision.     The  wall  was  com- 

•  CoDtinued  from  February,  1900,  Proceedings.  See  November,  1809,  Proceedings 
for  Paper,  by  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  on  this  subject. 
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pieted  daring  the  latter  part  of  August,  and,  as  cold  weather  ap-  Mr.  Christian, 
proaohed,  it  was  examined  earefnlly  every  few  days. 

Early  in  December  the  thermometer  fell  suddenly  to  12^  Fahr.,  and 
on  that  day  oraoks  were  noticed,  as  shown  in  Fig.  18.     They  extended 


7a'  »A W^ y^  »       140' ^ 
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0 0 

Fio.  18. 

through  the  wall,  were  about  at  right  angles  to  it,  and  generally  fol- 
lowed the  joints.  They  never  widened,  but,  on  the  contrary,  closed 
gradually  as  the  water  rose  in  the  reservoir  and  the  warm  weather  ap- 
proached, finally  closing  so  tightly  that  only  by  the  closest  scrutiny 
could  they  be  seen,  even  though  each  place  had  been  marked  carefully 
in  order  that  it  might  be  found  readily. 

John  O.  Tbautwinb,  Jr.,  Assoc.  Am.  Soc.  C.  E.  (by  letter).— To  the  Bir.  Trautwlne. 
writer  this  paper  has  a  special  interest  as  a  source  of  information  and 
a  basis^of  comparison,  in  connection  with  the  several  large  plants  now 
bein'g  designed  for  the  filtration  of  the  Philadelphia  supply. 

After  innumerable  reports  upon  filtration,  by  Gouncilmanic  Com- 
mittees, by  local  organizations,*  by  the  writer,  as  Chief  of  the  Bureau 
of  Water,  and  by  his  predecessor,  Mr.  John  L.  Ogden,  and  after  years 
of  fruitless  discussion  and  inaction,  the  present  Mayor,  Hon.  Samuel 
H.  Ashbridge,  who  took  his  seat  on  April  3d,  1899,  secured  from 
Councils,  on  April  20th,  an  ordinance  providing  for  "  the  employment 
of  three  experts  relative  to  the  improvement,  filtration  and  extension 
of  the  water  supply,"  who  were  "to  act  in  conjunction  with  the 
Director  of  the  Department  of  Public  Works,  Chief  of  the  Bureau  of 
Water  and  Chief  of  the  Bureau  of  Surveys  in  examining  and  reporting 
upon  the  question." 

On  May  8th,  the  Mayor  announced  the  appointment  of  Messrs. 
Budolph  Bering,  of  New  York;  Samuel  M.  Gray,  of  Providence,  and 
Joseph  M.  Wilson,  of  Philadelphia,  who,  on  September  15th,  presented 
a  report  recommending,  in  conclusion : 

1.  The  adoption  of  that  project  by  which  the  waters  of  the  Schuyl- 
kill and  Delaware  Bivers,  taken  within  the  city  limits,  are  purified  by 
filtration. 

2.  The  immediate  improvement  of  the  existing  plant,  in  accordance 
with  the  detailed  recommendations  of  their  report. 

Among  the  improvements  recommended  was  the  restriction  of  waste 

by  the  introduction  of  meters. 

In  their  rdsumi  and  conclusions  the  experts  say : 

**  We  consider  that,  at  present,  a  daily  supply  of  200  000  000  galls., 

being  150  galls,  per  capita,  is  a  very  liberal  allowance.     We  recom- 

mend  that  this  quantity  of  pure  water  be  immediately  provided  for." 

*  IncludlnflT  the  Woman's  Health  Protectiye  Assodatioii,  who  suhmltted  a  report  by 
Mr.  Joe.  B.  Rider  and,  later,  one  by  Mr.  Allen  Hazen. 
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Mr.  Trautwine.  This  involyes  a  material  restriction  of  the  conBumption,  which  is 
now  yarionslj  estimated  at  from  220  000  000  to  over  275  000  000  galls, 
daily. 

The  striking  features  of  the  Albany  plant  are,  perhaps,  on  the  one 
hand,  its  immensity  when  compared  with  previously  existing  American 
slow  filtration  plants,  and  on  the  other  hand,  its  insignificance  (if  the 
word  may  be  used  without  offence),  in  comparison  with  the  magnificent 
installation  recommended  by  the  experts  for  Philadelphia. 

Prior  to  the  construction  of  the  Albany  plant,  with  its  aggregate 
filter-bed  area  of  5.6  acres,  that  at  Lawrence,  Mass.,  with  a  corre- 
sponding area  of  2.5  acres  was  much  the  largest  slow  plant  in  America, 
and  in  1897  the  aggregate  area  of  all  those  plants  of  which  the  writer 
could  learn  did  not  reach  7  acres  (Fig.  19)« 


Aci-es 
2.6 


5.6 
66.7 


-  Lawroiice.  Mass. 

United  States,  Total,  1897. 


-  Albany. 
Philadelphia.* 


♦For  a  supply  reduced  to  300  million  gallons  per  day,  as  recommended 
by  the  experte,  at  8  million  gallons  per  acre  per  day. 

COMPARISON  OF  AREAS  OF  FILTER  BEDS. 
Fig.  19. 

Upon  visiting  the  Albany  plant  during  its  construction,  in  May, 
1899,  the  writer  was  much  impressed  with  the  great  extent  of  the 
operations  in  progress,  indicated  by  the  photographic  views  accom> 
panying  the  paper,  and  it  was  therefore  a  startling  reflection  that  these 
vast  provisions  would  be  insufficient  to  supply  one  of  the  four 
20  000  000-gall.  pumps  at  the  Queen  Lane  (Philadelphia)  pumping 
station,  which  station  represents  barely  one-fifth  of  the  aggregate 
nominal  capacity  of  all  the  Philadelphia  pumps,  and  that  the  daily 
pumpage  at  Philadelphia*  was  nearly  fifteen  times  greater  than  the 
capacity  of  the  Albany  plant. 

Even  with  the  restricted  consumption  contemplated  by  the  experts, 
the  Philadelphia  filtration  plant  will  be  nearly,  if  not  quite,  the  largest 
in  the  world,  and  certainly  very  much  larger  than  any  other  under  a 
single  control. 

Philadelphia  is  supplied  from  six  stations,  the  smallest  of  which 
(Boxborough)  has  a  nominal  daily  capacity  of  24  500  000  galls. ,  and  is 
credited,  in  the  Bureau  report  for  1898,  with  an  average  daily  pumpage 
of  over  20  000  000  galls.,  as  against  15  000  000  galls,    nominal  daily 

*  Two  hundrel  and  twenty  million  U.  S.  galls.,  as  estimated  by  the  experts.  By 
plunger  displacement,  after  allowance  for  slip,  the  pumpage,  as  stated  in  Report  of 
Water  Bureau  for  1896,  was  875  000  000  galls. 
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capacity,  and  12  500  000  galls,  actual  consumption,  for  the  Albany  Mr.  TrautwiDe. 
plant. 

The  aggregate  bed  area  of  the  fonr  slow  plants  recommended  by  the 
experts  for  immediate  construction  for  Philadelphia  is  54  acres,  and, 
in  addition  to  this,  a  rapid  or  <<  mechanical "  plant  of  50  000  000  galls, 
daily  capacity  was  recommended  for  the  Spring  Garden  System. 

The  niter-bed  areas  of  these  fonr  plants,  and  the  equivalent  slow- 
bed  area  of  the  rapid  plant  recommended  for  the  Spring  Oarden 
System*  are  shown  graphically,  and  compared  with  that  of  the  Albany 
plant,  in  Fig.  20. 


Albany 

5.6 

acres 

Philadelphia 

6 

9.76 

Roxboro 

Belmont 

♦Spring  Garden    Torreadale    '   Queen  Lane 

♦  '^Rapid''  Plant,eO  million  gallons  daily,taken  as  equivalent  to  ^  =16.6  acres  of  slow  beds. 

COMPARISON  OF  AREAS  OF  FILTER  BEDS.  ALBANY  AND  PHILADELPHIA. 

The  construction  of  the  Albany  plant  happens  most  opportunely 
for  the  authorities  in  charge  of  the  Philadelphia  work,  who  may  profit 
by  it,  not  only  as  a  pattern,  but,  if  time  permits,  as  a  most  useful 
monitor,  showing  where  modifications  may  be  advisable  in  the  Phila- 
delphia plants  in  order  that  they  may  be  more  perfectly  adapted  to 
the  conditions'  there  existing.  Indeed,  unless  the  differences  in  con- 
ditions between  the  two  places  are  studied  most  carefully,  the  Albany 
plant  will  lose  much  of  its  special  usefulness  to  the  Philadelphia 
authorities. 

Philadelphia  draws  more  than  95%  of  its  present  enormous  supply 
from  five  pumping  stations  on  the  Schuylkill  Biver,  whose  water-shed 
is  about  1  900  square  miles,  and  the  remainder,  or  less  than  6%,  from 
the  Delaware,  the  water-shed  of  which,  above  Philadelphia,  is  bet  ween 
four  and  five  times  as  large  as  that  of  the  Schuylkill. 

Between  the  Hudson,  at  Albany,  and  the  Delaware,  at  Philadel- 
phia, there  is  considerable  analogy.  Both  cities  draw  from  tide- 
water; each  is  within  a  half  day  of  the  sea,  by  water;  in  each  case  city 


*  Capacity  allotted,  60  000  000  galls,  per  day. 
per  day. 


Rate  assumed,  8  000  000  galls,  per  acre 
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Mr.  Trautwine.  sewers  discharged  into  the  river  both  above  and  below  the  intake 
prior  to  filtration;  in  each  the  design  of  the  filtration  plant  involves 
the  removal  of  the  intake  to  a  point  above  the  discharge  of  city 
se-wage;  and  the  water-shed  areas  of  the  two  rivers,  above  the  two 
cities,  respectively,  are  nearly  equal. 

Mr.  Hazen  gives  the  population  per  square  mile  of  the  Hudson, 
above  Albany,  as  33  in  1880,  and  43  in  1890,  from  which  we  may 
assume  38  as  the  corresponding  figure  for  1885;  while  Mr.  Bering,  in 
his  report  on  extension  of  water  supply  in  1885,  gives  the  population 
of  the  water-shed  of  the  Delaware,  above  Philadelphia,  as  59  per 
square  mile,  including  the  Lehigh  water-shed,  and  54  exclusive  of 
that  water-shed. 

The  distribution  of  the  population  in  each  of  the  two  water-sheds 
is  shown  graphically  in  Fig.  21,  in  which  they  are  compared  also  with 
that  of  the  Schuylkill. 

All  the  data  of  population  shown  in  Fig.  21,  are  those  for  the  year 
1885,  they  having  been  found  convenient  of  access  in  each  case. 
While  those  of  to-day  would  of  course  show  a  marked  increase  in 
most  cases,  yet  the  changes  which  have  occurred  are  probably  not  of 
such  a  nature  as  to  interfere  with  the  usefulness  of  the  figures  given, 
for  the  immediate  purpose  in  hand,  viz.,  an  exhibit  of  the  relation 
between  the  three  rivers  in  regard  to  density  and  distribution  of 
population. 

For  the  Schuylkill  and  Delaware  the  populations  have  been  taken 
from  a  map  prepared  by  Mr.  Budolph  Bering,  and  published  with  his 
report  of  1885  on  the  improvement  of  the  Philadelphia  supply.  In 
the  case  qI  the  Budson  they  were  found  by  averaging  the  figures 
given  by  Mr.  Bazen,  in  Table  No.  1,  for  the  years  1880  and  1890.  The 
distances,  for  the  Schuylkill  and  Delaware,  were  roughly  scaled  from 
the  map  mentioned.  Those  for  the  Budson  are  given  by  Mr.  Bazen 
in  Table  No.  1.     In  no  case  has  any  attempt  at  accuracy  been  made. 

A  striking  feature,  in  the  case  of  the  Budson,  is  the  large  popula- 
tion massed  upon  the  banks  of  the  stream  at  Troy  and  Watervliet, 
only  4  miles  above  Albany,  with  a  further  addition  of  population,  half 
as  great,  within  the  next  4  miles,  giving  a  total  population  (in  1885) 
of  100  000  within  8  miles  of  the  intake.  Nothing  like  this  exists  on 
the  Delaware.  The  portion  of  Philadelphia  lying  above  the  intake 
has,  as  a  rule,  only  a  rural  population,  and  the  experts  have  recom- 
mended the  removal  of  the  intake  to  a  point  just  within  the  upper 
city  limit.  The  largest  town  on  the  Delaware  (Trenton,  N.  J.)  had, 
in  1885,  a  population  of  only  about  30  000,  or  less  than  half  of  that  of 
Troy  and  Watervliet,  and  it  is  30  miles  above  the  city.  The  entire 
population  represented  on  the  diagram  as  contiguous  to  the  Delaware, 
within  50  miles  of  Philadelphia,  does  not  equal  that  on  the  Budson 
within  5  miles  of  Albany.     Nevertheless,  the  density  of  population 
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Mr.  Trautwine. 


I i_ 


^     Distances  from  Albany,  in  Miles. 
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Mr.  Trautwlne.  on  thd  entire  water-shed  hi  the  Delaware,  as  given  by  Mr.  Hering,  for 
1885,  is  more  than  50^  greater  than  that  for  the  Hudson,  as  deduced 
from  Table  No.  1. 

But  while  the  conditions  in  the  Hudson  and  the  Delaware  are  thus 
seen  to  be  somewhat  analogous,  a  glaring  contrast  appears  when  we 
compare  either  of  these  two  riyers  with  the  Schuylkill;  and,  inasmuch 
as  Philadelphia  now  takes  more  than  95^  of  her  supply  from  the 
latter  stream,  and  is  to  continue  to  take  76%  from  it,  according  to  the 
plan  recommended  by  the  experts  for  immediate  execution,  the 
importance  of  bearing  these  differences  in  mind  becomes  at  once 
apparent. 

The  water-sheds  of  the  Delaware  and  the  Hudson  are  each  between 
four  and  five  times  as  large  as  that  of  the  Schuylkill,  and  the  density 
of  population  is  approximately  in  inverse  proportion  to  the  areas. 
On  the  map  accompanying  his  report  of  1885,^  Mr.  Hering  states  the 
average  population  of  the  Schuylkill  water-shed  above  Philadelphia 
as  176  per  square  mile,  while  Mr.  Dana  G.  Barber,  in  a  table  accom- 
panying his  report  of  1884  upon  his  sanitary  survey  of  the  Schuylkill 
Valley, t  gives  the  area  as  1863.9  square  miles,  and  the  population  as 
372  000,  making  the  average  density  of  population  200  per  square 
mile.  In  order  to  represent  with  approximate  correctness  the  rela- 
tions between  the  three  rivers  in  the  matter  of  density  of  population, 
the  writer  has  plotted  the  populations  for  the  Schuylkill  upon  a 
scale  four  times  as  large  as  for  the  other  two  rivers. 

Referring  to  the  diagram  of  the  Schuylkill,  we  find,  within  about 
50  miles  of  the  city,  Conshohocken,  Phoenixville,  Pottstown  and  Birds- 
boro,  all  imx)ortant  iron  manufacturing  towns,  and  Norristown,  a  well- 
to-do  county-seat,  once  important  in  the  same  respect,  while,  near  the 
head- waters,  are  Pottsville  and  Tamaqua,  both  important  anthracite 
coal  mining  centers. 

Most  of  these  towns  are  without  sewerage  systems.  Beading  is 
installing  such  a  system,  but  with  commendable  consideration  for  its 
neighbors  down  stream,  and  in  the  absence  of  pressure  from  without, 
is  also  instaUing  plants  for  the  filtration  of  all  the  sewage  led  to  the 
river. 

Within  the  city  limits  of  Philadelphia  (and,  therefore,  not  shown) 
and  above  all  but  the  Boxborough  station,  is  the  important  textile 
manufacturing  suburb  of  Manayunk,  with  a  population  probably 
between  10  000  and  15  000.  The  sewage  proper  of  Manayunk,  includ- 
ing most  of  the  discharges  from  the  mills,  all  of  which,  until  recently, 
went  into  the  river,  is  now  carried  through  an  intercepting  sewer,  com- 
pleted in  1888,  to  a  point  below  the  Fairmount  dam,  which  separates 
the  entire  pumpage  system  from  tide   water,   but   much  household 

*  Report  of  Water  Depcurtment,  Philadelphia,  for  1886. 
t  Report  of  Water  Department,  Philadelphia,  for  1684. 
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And  other  filth  is  carried  directly  into  the  river  by  storm  water,  which  Mr.  Trautwine. 
is  not  admitted  to  the  intercepting  sewer;  and  probably  much  more 
^including,  according  to  official  reports,  fsecal  matter  from  dwellings  of 
foreign  laborers  adjacent  to  the  canal  of  the  Schuylkill  Navigation  Com- 
pany), is  thrown  into  the  canal,  from  which  it  passes  into  the  river, 
barely  a  mile  above  the  Qneen  Lane  pumping  station,  the  newest  and 
:fine8t  of  the  city's  water-works. 

The  canals  of  the  Navigation  Company,  passing,  as  they  do,  through 
most  of  the  towns  along  the  river,  and  furnishing  power  to  mills  there, 
are  naturally  made  the  receptacles  of  offal,  and  the  nuisance  is  espe- 
cially flagrant  beyond  the  city  limits,  where  the  city's  Board  of  Health, 
has  no  jurisdiction.  A  trip  through  the  canal  opposite  Norristown,  for 
instance,  reveals  great  accumulations  of  filth  of  the  most  revolting 
description,  scarcely  awaiting  the  next  rain  to  pass  into  the  canal,  and 
thence,  in  due  course,  into  the  river. 

The  SchuylkUl,  however,  has  this  advantage  over  the  Delaware  and 
the  Hudson,  that  the  two  pools,  from  which  the  pumps  draw  their 
supplies,  are  at  least  shut  off  from  tide-water,  and  thus  from  the 
major  part  of  the  city's  own  sewage,  by  the  dam  at  Fairmount. 

Apart  from  sewage  pollution,  the  Schuylkill  suffers  mineral  pollu- 
tions of  aggravated  character.  *  In  the  anthracite  regions,  at  and  near 
its  source,  it  receives  sulphuric  acid,  produced  by  the  oxidation  of  the 
iron  sulphide  occurring  in  the  coal,  and  large  volumes  of  anthracite 
coal  dust  from  the  washeries,  established  during  recent  years  for  the 
purpose  of  extracting  the  small  merchantable  sizes  from  the  culm  or 
waste  heaps  which  have  been  accumulating  ever  since  the  opening  of 
the  region,  and  from  the  **  wet  breakers,"  or  breakers  in  which  water 
is  used  for  cleaning  the  coal  and  assorting  it  by  sizes.  The  sulphuric 
4^cid  is  completely  neutralized  by  the  limestone  of  two  extensive  beds, 
one  just  above  Beading  and  the  other  just  above  Philadelphia,  and  the 
water  reaches  the  city  with  a  basic  or  '*  hard"  reaction. f  The  coal  dust 
accumulates  in  the  pools  of  the  Navigation  Company,  but  is  swept  out 
and  brought  down  to  the  city  two  or  three  times  a  year  or  oftener  by 
floods. 

Again,  between  Beading  and  Norristown,  the  Schuylkill  passes  a 
broad  belt  of  easily  decomposable  red  shale.  In  times  of  flood, 
this  formation  sends  vast  volumes  of  its  substance,  in  suspension,  into 
the  stream,  which,  at  such  times,  runs  blood-red.  The  first  effect  of  a 
general  storm  is,  therefore,  a  visitation  of  red  mud,  which,  a  day  or 
two  later,  is  followed  by  water  charged  with  coal  dust.  The  writer 
has  seen  water  drawn  from  faucets  in  Philadelphia,  after  storage  in  the 
city  reservoirs,  so  black  from  coal  dust  as  to  be  scarcely  distinguish- 
able from  ink. 

*  See  Fig.  21.  in  which  the  limits  of  the  signlflcaDt  geological  f  orznationg  are  Indicated, 
both  for  the  Schuylkill  and  for  the  Delaware. 

t  The  Delaware  water,  on  the  contrary,  is  quite  soft,  forming  no  scale  In  boilers. 
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Mr.  Trautwine.  The  Delaware  (see  Fig.  21)  passes  through  practically  these  same 
formations,  and  receives  its  modicum  of  the  same  adulterants,  but, 
owing  to  its  much  larger  volume  of  flow,  their  effect  upon  the  charac- 
ter of  its  water  is  much  less  marked. 

Under  the  circumstances  stated,  it  is  not  surprising  that  Fig.  22 
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BACTERIA  IN  SCHUYLKILL  AND  IN  HUDSON  RIVER  WATERS.  UNFILTERED. 
Fig.  28. 


shows  a  very  much  higher  average  number  of  bacteria  in  the  Schuyl- 
kill water  than  in  that  of  the  Hudson  (taken  from  Table  No.  2),  until 
after  the  <<  abnormal  **  conditions  following  July  9th  set  in,  when  the 
contractors  on  the  Albany  work  **  dumped  sand  and  gravel  in  the  back 
channel,  and  took  it  up  again  by  dredging,  for  construction  purposes, 
with  the  result  that  this  water  was  fouled,  and  the  samples  taken  after 
that  time  do  not  represent  its  normal  condition. " 

Unfortunately,  the  writer  is  not  in  position  to  make  a  similar  com- 
parison between  the  two  rivers  in  the  matter  of  turbidity.  During 
1898  (the  year  for  which  Mr.  Hazen's  data  in  Table  No.  2  are  given), 
arrangements  had  not  been  completed  for  using  the  Hazen  scale  in  ob- 
serving turbidity  in  the  Schuylkill,  and  the  writer  has  not  succeeded 
in  deriving,  from  the  e?caminations  thus  far  recorded,  a  satisfactory 
coefficient  for  deducing  the  readings  of  the  Hazen  scale  from  the 
record,  in  parts  per  million,  in  which  the  Philadelphia  results  for 
1898  are  stated.  The  Philadelphia  results  for  March-July,  1899 
(measured  by  the  Hazen  scale),  do  not  differ  greatly  from  the  Hudson 
results  as  given  by  Mr.  Hazen;  but  Mr.  George  I.  Bailey,  in  his  dis- 
cussion states  that  the  highest  turbidity  reached  since  the  filters  were 
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put  in  operation  was  0.60;  whereas,  during  the  same  period,  it  has  on  Mr.  Tittutwine. 

three  occasions  reached  or  exceeded  that  figure  in  the  S^huylkiU,  as 

follows: 

August  llth-12th,  1899 0.80 

September  27th-29th,  1899 1.50  to  0.60 

January  12th,  1900 0.90  to  1.50 

In  the  course  of  the  inyestigations  of  the  experts,  during  the  sum- 
mer of  1899,  sets  of  three  samples  each  were  taken  daily  from  the 
Schuylkill  and  from  the  Delaware,  and  examined  for  (1)  the  total  dry 
residue  contained,  (2)  the  amount  of  such  residue  deposited  during 
the  first  24  hours,  and  (8)  the  amount  deposited  during  the  first  48 
hours.  These  observations  are  still  being  made,  and  the  Schuylkill  re- 
sults for  January  lstr-20th,  1900,  are  indicated  in  Fig.  23,  from  which 
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appears  the  startling  result  that  in  some  cases  the  amount  deposited 
exceeded  the  amount  originally  contained  in  the  water.  In  others  (not 
shown],  the  results  indicated  that  less  sediment  was  deposited  in  48 
than  in  24  hours.     These  erratic  results  are  due,  no  doubt,  to  differ- 
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Mr.  TrautwiDe.  ences  in  the  samples  as  originally  taken  at  approximately  one  and  the 
same  time  and  place. 

Fig.  24  shows  a  comparison  between  the  Schuylkill  and  the  Dela- 
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ware  as  to  total  solids  in  suspension  during  three  periods  of  flood, 
from  which  it  appears,  as  might  have  been  expected,  that  in  the 
smaller  stream  this  effect  of  floods  is  not  only  much  more  marked  and 
generally  of  shorter  duration,  but  also  appears  and  disappears  earlier 
than  in  the  larger  stream.  During  normal  stages,  the  sediment  in  both 
rivers  ranges  ordinarily  between  10  and  30  parts  per  million. 

Notwithstanding  that  these  investigations  indicate  in  many  cases  a 
very  nearly  complete  deposition  of  all  the  sediment  during  the  first 
24,  or  at  furthest  during  the  first  48,  hours,  the  water,  as  a  matter  of 
fact,  often  remains  visibly  turbid  for  many  days  thereafter. 

These  comparisons  show  that  the  Schuylkill  filters  at  Philadelphia 
will  not  only  have  a  heavier  bacterial  duty  to  perform,  owing  to  the 
greater  average  number  of  bacteria  in  the  water,  but  will  also  be  handi- 
capped by  the  heavier  doses  of  sediment  in  its  water. 

So  far  as  the  writer  knows,  there  are  on  record  no  data  which  en- 
able us  to  judge  of  the  effect,  upon  the  efSciency  of  the  filters,  of  the 
coal  dust  brought  down  the  river  at  times  from  the  anthracite  coal 
regions. 
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In  the  writer's  judgment,  the  conditions  stated  render  advisable  a  Mr.  Trautwine^ 
high  degree  of  caution  in  using  the  construction  and  operation  of  the 
Albany  plant  as  a  precedent  in  the  design  of  the  vastly  larger  system 
required  for  the  filtration  of  the  quantities  of  water  taken  daily  from 
the  Schuylkill  for  the  supply  of  Philadelphia.  In  taking  leave  of  the 
city  service  in  November  last  the  writer  addressed  to  the  Mayor  a  com- 
munication, urging  (as  in  many  previous  communications)  that  one  or 
two  of  the  smaller  plants  be  built  first,  and  "  that  the  construction  of 
filtration  plants  for  the  rest  of  our  supply  shall  proceed  as  rapidly  as 
we  acquire  from  the  two  initial  plants  to  be  immediately  constructed, 
the  knowledge  so  essential  for  such  an  undertaking."  It  is  therefore 
gratifying  to  find  his  Honor  recently  quoted  as  saying  that,  after  the 
plans  are  completed,  which  will  be  ''when  thorough  tests  have  been 
made  at  the  new  testing  station,"  ''  it  will  then  be  in  order  to  invite 
proposals  for  the  work  of  constructing  filtration  plants  at  one  or  more 
of  the  city's  stations. " 

With  regard  to  that  large  portion  of  its  supply  which  is  drawn 
from  the  Schuylkill,  Philadelphia  in  fortunate  in  having  at  her  dis- 
posal the  large  reservoirs  heretofore  used  for  storage  of  the  water  after 
pumping,  and  incidentally  for  a  very  imperfect  improvement  in  quality 
by  means  of  sedimentation.  In  a  report  dated  February  16th,  1898,  to 
the  Director  of  the  Department  of  Public  Works,  the  writer  suggested 
that  the  reservoirs  be  utilized  as  sedimentation  basins,  a  small  portion 
of  their  total  capacity  being  set  apart  for  the  storage  of  filtered  water, 
and  this  feature  was  an  essential  one  in  a  system  of  filtration  suggested 
by  the  writer  on  September  9th,  1898,  as  well  as  in  that  recommended 
by  the  experts  in  their  report  of  September  15th,  1899. 

As  regards  the  small  portion  of  its  supply  taken  from  the  Delaware, 
Philadelphia,  like  Albany,  is  without  reservoir  capacity  of  a  kind 
which  could  be  utilized  conveniently  for  sedimentation  of  the  water  as 
a  preliminary  to  filtration.  Of  the  two  small  reservoirs  of  that  supply, 
the  one  which  has  sufficient  elevation  is  small  and  defective,  and  has 
but  one  basin.  Both  the  experts'  and  the  writer's  proposed  systems 
therefore  provide  for  the  construction  of  sedimentation  basins  for  the 
Delaware  supply. 

An  attempt  to  compare  the  cost  of  construction  of  the  Albany 
plant,  as  given  by  Mr.  Hazen  in  Table  No.  3  and  in  his  accompanying 
remarks,  with  that  of  the  four  proposed  slow  beds  for  Philadelphia, 
as  estimated  by  the  experts,  is  complicated  by  the  difficulty  of  placing 
the  tivo  systems,  with  any  certainty,  upon  one  and  the  same  basis  of 
comparison.     Mr.  Hazen  says,  regarding  the  Albany  plant: 

''The  filters,  sedimentation  basin  and  pure- water  reservoir  are 
connected  in  such  a  way  as  to  make  an  exact  separation  of  their  costs 
impossible;  but,  approximately,  the  sedimentation  basin  cost  $60  000^ 
the  pure-water  reservoir  $9  000,  and  the  filters  1^255  000." 
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Mr.  Trautwine.       This  makes  the  cost  of  the  sedimentation  basin  about  18^%  of  the 
whole. 

Taking  the  items  under  *'  Filters,  Sedimentation  Basin  and  Pure- 
Water  Reservoir, "  in  Table  No.  3,  separating  those  supposed  to  be 
proper  to  the  filter  beds  and  the  pure- water  reservoir  from  those  com- 
mon also  to  the  sedimentation  basin,  using  only  SH%  of  the  cost  of 
the  latter  items,  omitting  items  not  included  in  the  Philadelphia 
experts*  estimates,  as  quoted  below,  and,  finally,  deducting  99  000  as 
the  cost  of  the  pure-water  reservoir,  we  arrive  at  the  estimate  of  the 
cost  of  the  Albany  filter  beds,  given  in  Table  No.  12. 

TABLE  No.  12.^CosT  of  Ftuibb,  Beds  and  Apfubtenanges  at 

AliBANY. 

(a)  Items  common  to  filters,  (b)  Items  proper  to  filter  beds- 
pure- water  reservoir  and  sedimen-  and  pure- water  reservoir. 

tation  basin.  ^^^^^1  ^^^  j.^. ^^^ »1  508 .  75 

Preliminary  draining .  $1  956 .  71  Stone  for  lining 1  850 .  74 

Excavation 21  761 .  64  Concrete  in  vaulting . .  29  999  20 

Embankment 8  840.80  Brickwork 86  608.75 

FUling 8  360.00  Filter  gravel 7  645.05 

'*       rolled 3  960.00  Filter  sand 36  100.00 

Puddle 8  973.25  Vitrified  pipe 7  153.32 

Concrete  in  floors  ...  27  112.47  Manhole  covers 2  956.80 

Other  concrete 6  703.11  Sand-run  fixtures 3  260.00 

Cement 61  368.52  Regulator  houses 6  897.92 

Extra  work  and  minor  Fence  1  704.00 

i*«"^s ^0^^'^^  $259  934.12 

ai63  686.61     Deduct  cost  of  pure- 
water  reservoir 9  000 .  00 


81}  per  cent $125  254.59 


$250  934.12 


or,  taking  the  capacity  at'15  000  000  galls,  per  day,  $16  729  per  million 
gallons  of  daily  capacity. 

For  the  four  slow  plants,  at  Philadelphia,  we  have  the  figures  in 
Table  No.  13. 

The  figures  for  Philadelphia,  in  Table  No.  13,  include  excavation, 
for  a  pure-water  basin  for  Belmont  and  for  Torresdale,  and  for  a  sedi- 
mentation basin  at  the  latter  station,  but,  from  the  contours  of  the 
sites  it  would  appear  that  the  major  portion  of  the  excavation,  in  each 
case,  was  for  the  filter  beds  proper.  Besides,  in  the  case  of  the  Albany 
plant,  no  doubt  much  more  than  the  81^^  which  we  have  taken  for 
excavation  is  chargeable  to  the  sedimentation  basin. 

Much  of  the  very  considerable  difference  between  the  cost  at  Albany 
and  the  estimates  of  the  experts  for  Philadelphia  may,  no  doubt,  be 
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Mr.  Tnuitwine.  explaindd  bj  the  advanoe  in  prioes  between  the  ezeontion  of  the  Albanj 
contracts  and  the  making  of  the  Philadelphia  estimates;  bnt,  after 
making  all  allowances,  it  wonld  appear  that  the  experts'  estimates,  at 
least  after  their  addition  of  16%,  are  certainly  safe. 

Table  No.  14  is  a  comparison  of  the  total  costs  of  improvement. 

TABLE  No.  14.— CoMPABiBON  of  the  Totai.  CkMsr  of  Imfbovbhsmt. 


Philadelphia  (estimated). 

Albany  (actual). 

Fopnlation  MunimfKl .....,...,.,...,.... 

160 
900000000 

$1190  868 

6818466 
1514770 
1800000 

76 
100000  000 

$100000 

8986000 
66  600 
488  000 

06000 

Avenge  daily  coiununption,  in  gallons 

168 
16000000 

CostofinstaUaticm: 
T-ftnrt 

$8  880 

basins  andacoeasories. 

898  060 

P»1TflP<Mf  fftatlODW 

«746 

M«i»iff!T...      .  !!!!;!; 

86  688 

Waste  restriction 

$10  078  601 
100000 

88B0  600 
Included. 

$8888600 
1000000 

1107  000 
Included. 

$468688 
0 

Ifftlng  plant , ,,..,... 

0 

Bngineering  and  oontingteinoies 

98000 

Total 

$14864001 

$6  900600 

$406  688 

Per  million  gallons  daily 

$71880 

$60806 

$88109 

Of  the  two  estimates  given  for  Philadelphia,  (a)  is  that  of  the  ex> 
perts,  taken  from  pages  107,  122  and  123  of  their  report,  and  (b)  is 
based  npon  a  report  by  the  writer,  made  September  9th,  1898,  to  the 
Director  of  the  Department  of  Pnblic  Works,  in  response  to  a  resolu- 
tion of  Councils.  In  order  to  make  estimate  (b)  properly  comparable 
with  the  other  two,  it  has  been  amended  by  adding  50%  to  the  esti- 
mated cost  of  the  filters,  to  provide  for  their  roofing,  and  an  item  of 
$700  000  to  provide  for  roofing  the  clear- water  reservoirs. 

The  resolution  requesting  this  estimate  asked  for    '*  plans  and 

drawings  and  estimated  cost  of  filtration  6f  all  the  water  used  by  the 

city,"  and  the  writer  took  advantage  of  the  word  *'  used,"  to  show  the 

city  fathers  what  could  be  done,  in  the  way  of  proper  economy,  by 

restricting  the  consumption  to  a  figure  (maximum  100  galls,  per  capita 

per  day),  more  nearly  commensurate  with  the  quantity  (possibly  50 

galls,  per  day,  maximum)  really  used.*    The  estimate  was  based  upon 

the  Albany  bids,  which  then  had  just  been  opened,  and  the  amounts  of 

which  were  kindly  communicated  to  the  writer  by  Mr.  Hazen  for  the 

purpose  of  the  estimate. 

*  The  result  was  a  resolution,  by  the  Water  Committee,  requesting  the  Department 
"  to  place  in  proper  form  the  results  of  its  researches  on  the  question  of  Slow  Sand 
Filtration  for  the  entire  city.'** 
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The  fignres  indioate  an  economy  ont  of  proportion  to  the  proposed  Mr.  TrautwinSi 
reduction  of  consumption,  but  this  was  to  be  expected.  For  the 
smaller  quantity,  sites  were  generally  available  on  city  property  adjoin- 
ing or  near  to  existing  plants,  whereas,  for  the  larger  quantity,  sites 
for  the  filter  beds  had,  in  all  cases,  to  be  acquired.  In  other  ways, 
also,  and  notably  in  the  matter  of  mains  to  connect  existing  works  with 
filter  beds  perforce  located  at  considerable  distance,  the  total  cost,  in 
Philadelphia,  increases  much  more  rapidly  than  the  quantity  to  be 
filtered. 

Philadelphia  lies  just  south  of  the  line  which  Mr.  Hazen  has  drawn 
to  indicate  at  what  locations  it  is  advisable  to  roof  over  the  filter  beds,, 
and  the  question  of  the  advisability  of  doing  so  for  Philadelphia  may 
be  one  for  the  authorities  to  discuss.  Poughkeepsie,  after  some  twenty 
years'  experience  with  an  uncovered  bed,  built  another,  and  the  writer, 
largely  on  the  strength  of  this,  omitted  roofing,  in  designing  for  Phila- 
delphia the  system  already  mentioned,  but  he  has  since  been  informed 
that  the  building  of  a  second  uncovered  filter  bed  at  Poughkeepsie  was 
contrary  to  the  advice  of  Mr.  Fowler,  the  Superintendent. 

As  to  cost  of  operation,  the  experts  make  estimate  for  Philadelphia, 
AS  follows: 

<<  Per  million  gallons  of  filtered  water,  including  labor,  cost  of  wash 
and  waste  water,  lost  sand,  sanitary  analyses  of  water,  chemicals, 
sux>erintendence,  watchmen,  ordinary  repairs,  and  all  incidental 
expenses;  but  excluding  interest,  depreciation  and  cost  of  pumping 
water  to  filters: 

dchuyUdll  Riyer.       Delaware  River. 

Slow  filters $3. 60  83.00 

Rapid  filters 4.80  4.00 

*' Cost  of  pumping,  per  million  gallons  raised  1  ft.  high,  including 
coal,  labor,  oil,  waste  and  supplies,  and  ordinary  repairs;  but  exclud- 
ing interest  and  depreciation : 

•*  Low-Lift  Pumps. 

** For  a  daily  supply  of  200  000  000  galls.,  6.26  cents." 

In  his  report  of  September  16th,  1898,  the  writer,  with  much  mis- 
giving, due  to  insufficiency  of  data,  ventured  an  estimate  of  83.97  per 
million  gallons  as  the  cost  of  slow  filtration  proper,  and  80.41  per 
million  gallons  as  the  cost  of  raising  the  water  by  low-lift  pumps, 
making  a  total  of  84.38. 

Considerable  research,  including  a  correspondence  with  all  the 
American  filtration  plants  of  which  the  writer  could  learn,  developed 
oosts  of  filtration  alone,  ranging  all  the  way  from  $1.60  to  $10  per 
million  gallons  filtered,  the  latter  figure  represented  by  Lawrence, 
Mass.,  and  the  writer  concluded  that: 

**ln  the  absence  of  more  exact  information,  and  in  view  of  the 
excessive  turbidity  of  our  water  in  fiood  and  of  the  rate  of  wages  fixed 
by  ordinance  of  Councils  for  an  8-hour  day's  labor,  it  would  be  unsafe 
to  estimate  the  cost  of  operation  (exclusive  of  interest  on  cost],  for  the 
filters  contemplated,  at  less  than  83  per  million  gallons,  notwithstand- 
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Mr.  Trautwine.  ing  the  large  dimensions  of  the  proposed  works  which  should  conduce 
to  economy,  and  notwithstanding  that  the  proposed  reduction  in  con- 
sumption would  greatly  facilitate  sedimentation.  On  the  other  hand, 
with  proper  economy,  the  cost  could  not  exceed  $5.'* 

Mr.  Bailey's  experience  with  the  Albany  filters,  as  deduced  from 
*  their  operation  from  September  5th  to  December  25th,  1899,  inclusive, 

and  stated  in  his  discussion,  shows  a  cost,  for  filtration  proper  and 
laboratory  work,  of  $1.67,  and  $2.52  for  raising  the  water  from  the  riyer 
to  the  sedimentation  basin,  making  the  total  cost  $4.19  per  million 
gallons. 
Mr.  Haten.  Allkh  Hazen,  M.  Am.  Soc.  G.  E.  (by  letter).— The  discussion  has 
brought  out  a  large  number  of  practical  points,  both  in  reference  to 
the  Albany  plant  and  to  filtration  in  general; 

The  results  of  operation  given  by  Mr.  Bailey  are  most  gratifying,  and 
the  cost  of  operation,  as  exhibited  in  the  comparison  made  by  Dr.  Mason , 
is  very  favorable,  and  shows  an  excellent  organization  of  the  work. 

The  water  quantities  given  by  Mr.  Bailey  are  taken  directly  from 
the  filter  records.  Some  preliminary  experiments  have  indicated  that 
the  coefficient  of  discharge  assumed  in  computing  the  orifices  was  too 
small  by  about  5^,  and  that  this  amount  should  be  added  to  the 
results.  The  value  of  the  coefficient  of  discharge  seems  to  be  almost 
exactly  the  same  whether  the  orifice  is  submerged  or  not.  It  is  the 
intention  to  make  more  precise  determinations,  and  afterward  to  have 
new  and  correct  scales  painted  and  substituted  for  those  now  in  use. 

Since  the  presentation  of  the  paper  a  fiood  has  occurred  higher 
than  any  on  record  except  that  of  1857,  which  was  a  little  higher.  No 
damage  was  caused,  but  when  the  water  exceeded  the  height  of  the 
overflow  in  the  sedimentation  basin,  the  river  water  entered  it  in  that 
way.  One  of  the  pumps  was  kept  in  operation  at  a  low  rate  to  keep 
the  pumping  station  dry.  The  operation  of  the  filters  was  not  inter- 
rupted or  interfered  with  in  any  way. 

In  discussing  the  vaulting,  Mr.  Hill  has  made  certain  computations 
of  quantities,  and  in  doing  so  he  has,  apparently,  divided  the  total 
amounts  of  concrete  in  the  vaulting  and  in  the  fiooring  by  the  number 
of  bays.  In  doing  this,  the  writer  thinks,  he  has  overlooked  the  num- 
ber of  bays  in  the  pure-water  reservoir,  and  has  also  overlooked  the 
fact  that  nearly  half  of  the  concrete  in  the  fioors  was  in  the  sedimenta- 
tion basin  and  had  nothing  to  do  with  the  filters.  He  has  also  omitted 
the  cost  of  the  cement. 

The  figures  for  one  section,  13  ft.  8  ins.  square,  corrected,  and 
adding  the  price  of  the  cement,  are  approximately  as  follows: 

As  executed: 

5.4  cu.  yds.  of  vaulting,  at  $6.30 $34.02 

4.85  cu.  yds.  of  fiooring,  at  $4.75 23.04 

1.24cu.  yds.  of  brick  work,  at  $9.67 11.99 

$69.05 
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As  proposed:  Mr.  Haaen. 

10  cti.  yds.  of  roof  slab,  supporting  oolnmn,  floor  and 

foundation,  at $4.76 947.60 

Centering,  4  cents  per  square  foot 7.47 

Expanded  metal 10.60 

966.67 

The  6.4  cu.  yds.  of  concrete  vaulting,  per  section,  given  above, 
includes  the  proportionate  part  of  all  special  structures,  and  of  the 
excess  weight  of  the  cylindrical  vaulting  near  and  over  the  walls. 
Without  these,  but  including  the  manholes,  the  actual  amount  of  con- 
crete was  only  6.1  cu.  yds.  per  section. 

The  exact  form  of  construction  suggested  by  Mr.  Hill  was  not 
considered,  but  several  others  of  the  same  general  type  were  studied 
1i)efore  the  plans  were  put  in  final  shape.  Some  of  thidse  methods 
•appeared  very  promising.  The  cheapening,  however,  depended  upon 
a  reduction  of  the  thickness  of  concrete  to  less  than  6  ins.  While 
good  results  might  no  doubt  have  been  obtained  with  concrete  3  or  4 
ins.  thick,  reinforced  with  steel,  there  was  no  known  precedent  for  its 
use  under  similar  conditions.  The  Water  Board  was  unalterably 
opposed  to  the  use  of  any  form  of  construction  which  could  be 
regarded  as  in  any  degree  experimental,  and  for  this  reason  it  was 
decided  to  use  only  types  of  construction  which  were  well  demon- 
strated. It  was  therefore  necessary  to  postpone  until  another  time  a 
practical  trial  of  the  steel  and  concrete  construction. 

It  would  have  been  better  to  have  covered  the  whole  of  the  vault- 
ing with  a  thin  layer  of  sand  before  placing  the  silt  and  soil,  and, 
particularly,  to  have  surrounded  the  manholes  with  gravel.  The 
•draining  would  have  been  facilitated  by  this  procedure,  and  the  lifting 
of  the  manholes  by  frost  would  have  been  made  impossible. 

The  estimate  of  the  cost  of  vaulting  per  square  foot,  given  by  Mr. 
William  B.  Fuller,  is  a  little  greater  than  that  given  by  the  author, 
recently,  in  discussing  Mr.  Metcalf's  paper.*  The  difference  arises 
from,  first,  the  fact  that  Mr.  Fuller  has  reckoned  the  cost  of  the  vault- 
ing upon  the  net  filtering  area,  while  the  author  reckoned  it  upon  the 
whole  area  covered;  and,  second,  the  fact  that  Mr.  Fuller  has  included 
in  the  cost  of  the  vaulting  the  cost  of  that  part  of  the  floor  which  he 
-assumes  to  be  due  to  its  use  as  a  foundation.  The  cost  of  vaulting,  of 
•course,  is  much  the  largest  element  of  difference  between  the  costs  of 
•open  and  covered  filters,  but  it  should  be  remembered  that  there  are 
other  points  of  difference,  and  that  deducting  the  cost  of  vaulting  from 
the  cost  of  covered  filters  does  not  necessarily  give  the  cost  of  open 
filters.  Correct  comparisons  can  only  be  made  by  examining  corre- 
sponding designs  for  filters  of  the  two  types,  using  the  same  unit 
prices. 

*  Tranaactions,  Am.  Soc.  G.  E.,  Vol.  xliU,  p.  68. 
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Mr^Hawn.  Mr.  William  B.  Fuller  and  Mr.  Fowler  have  suggested  that  ooyered 
filters  have  other  advantages  than  protection  against  frost  which  may 
make  their  constmotion  desirable,  even  in  climates  where  covers  are 
not  necessary  to  prevent  ice.  This  may  sometimes  be  the  case,  but  it 
should  be  borne  in  mind  that,  aside  from  the  question  of  ice,  there  are 
distinct  advantages  and  disadvantages  arising  from  the  use  of  covers. 
The  writer  does  not  propose  to  discuss  this  question  at  length;  but  to 
show  that  this  opinion  is  not^unanimous  he  will  state  that  I>r.  Stroh- 
meyer,  after  making  the  extended  investigations  mentioned  in  Mr. 
Whipple's  discussion,  states  that  he  has  come  to  the  conclusion  that 
open  filters  have  decided  advantages  over  covered  ones,  quite  aside  from 
considerations  of  difference  in  cost.  Mr.  Trautwine  also  raises  this 
question .  Of  course,  in  severe  climates  there  is  no  question  as  to  the 
necessity  of  covering  filters.  It  is  only  where  the  winters  are  not  too 
severe  that  the  question  arises. 

The  sufficiency  of  the  vaulting  as  a  protection  against  cold  has 
been  tested  during  the  past  winter.  Ice  has  formed  to  a  thickness  of 
3  or  4  ins.  immediately  about  the  entrances  to  the  filters,  but  it  has 
been  found  possible  to  break  up  this  ice  and  let  it  pass  through  the 
gates  leading  to  the  overflow  chambers  as  the  water  is  drawn  from  the 
filters  before  cleaning.  Over  the  rest  of  the  filters  a  skim  of  ice  has 
formed  occasionally,  but  this  could  be  thrown  aside  during  cleaning, 
and  has  ^ot  seriously  interfered  with  the  work. 

Mr.  Rafter  is  right  in  stating  that  the  writer  assumed  that,  on  the 
whole,  cracks  are  to  be  expected.  It  is  a  matter  of  common  experi- 
ence that  small  masonry  structures  remain  entirely  free  from  cracks. 
As  the  size  of  the  structure  increases,  particularly  if  the  masonry  is 
comparatively  light,  the  probability  of  cracks  increases.  It  should  be 
remembered  that  temperature  contraction  is  only  one  of  the  causes  of 
cracks  in  masonry.  Cracks  often  occur  through  settlement,  and  at 
Albany  six  cracks  were  caused  by  the  lifting  of  the  walls  by  frost,  due 
to  the  exposure  of  some  of  the  work  in  an  uncompleted  condition. 
When  a  crack  has  once  occurred  it  is  not  an  easy  matter  to  repair  it  so 
that  the  wall  will  be  as  strong  as  it  was  originally,  and  it  then  makes 
little  difference  whether  it  was  caused  originally  by  settlement,  temper, 
ature  or  other  causes. 

When  the  plans  were  being  drawn,  the  question  of  the  bearing 
power  of  the  foundations  was  considered  quite  seriously.  The  site  was 
a  soft  marsh.  Borings  showed  a  hard  material  at  a  comparatively 
slight  depth  over  the  greater  part  of  the  area.  When  test  pits  were 
dug,  a  clay  was  found  fairly  hard  as  first  exposed,  but  shrinking  con- 
siderably on  drying,  and,  if  disturbed  in  contact  with  water,  becoming 
very  soft.  Experiments  were  made  by  loading  1  sq.  ft.  of  this  mate- 
rial, and  some  settlements  were  observed.  A  part  of  the  filters  was  to 
rest  upon  this  foundation,  a  part  upon  rock,  and  a  small  part  upon 
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still  softer  clay.  '  It  was  expected  that  there  might  be  settlement  in  Jfr.  Ha»i. 
parts  of  the  work.  With  this  in  view,  an  attempt  was  made,  first,  to 
distribute  the  weight  over  as  large  an  area  as  possible,  thereby  reduc- 
ing the  probability  of  settlement;  second,  to  load  the  whole  founda- 
tion as  evenly  as  possible,  so  that  in  case  settlement  occurred  the  whole 
stractnre  would  go  down  together  with  the  minimum  damage;  and, 
third,  the  possibility  of  settlement  and  of  cracks  was  contemplated  in 
designing  all  parts  of  the  structures,  and  the  endeavor  was  made  to 
arrange  the  masonry  so  that  it  would  suffer  as  little  as  possible  in  case 
of  settlement.  Provision  for  cutting  off  water  coming  through  cracks 
was  also  made,  as  described' in  the  paper. 

When  the  excavation  was  made,  the  foundation  proved  to  be  much 
better  than  we  bad  felt  safe  to  assume  from  the  character  of  the  borings 
and  test  pits;  and  the  fact  that  no  measurable  settlement  occurred  on 
any  part  of  the  filters  must  be  attributed  rather  to  the  natural  excel- 
lence of  the  foundations  than  to  the  design.  In  the  pumping  station 
some  settlement  actually  took  place,  but  the  cracks  resulting  from  it 
have  not  proved  serious. 

The  crosB-walls  were  built  of  brick  instead  of  concrete,  principally 
because  the  writer  supposed  that  brick  would  be  less  likely  to  crack 
than  concrete;  and  also  because  he  believed  that  in  case  it  did  cracky 
the  cracks  could  be  repaired  more  easily.  The  writer's  more  recent 
experience  with  concrete,  in  this  respect,  has  been  quite  favorable;  and 
in  a  smaller  plant,  since  designed  and  built,  at  West  Superior,  Wis., 
all  the  walls  are  of  concrete.  The  bonding  in  these  concrete  walls  was 
made  as  described  in  the  paper,  and  the  writer  believes  that  in  this 
way  the  joints  between  the  old  and  new  work  are  made  substantially 
as  strong  as  any  part  of  the  work.  When  cracks  occurred  at  Albany, 
they  went  straight  through  the  walls,  and  did  not  follow  any  of  these 
joints. 

To  build  masonry  structures  without  cracks  is  certainly  desirable. 
The  writer  believes,  however,  that  a  much  larger  proportion  of  the 
inferior  work  performed  by  filtration  plants  than  is  generally  sup- 
posed has  resulted  from  cracks  in  the  masonry  structures;  and  until 
the  art  of  masonry  construction  is  so  far  advanced  as  to  make  it  quite 
certain  that  structures  can  be  built  without  cracks,  it  is  justifiable 
and  necessary  in  designing  filters,  to  consider  the  probable  effect  of 
cracks,  and  to  take  precautions  against  the  damage  which  might 
result  from  them.  Such  precautions  can  be  made  entirely  effective, 
and  at  a  comparatively  small  expense.  The  writer  believes  that  the 
design  at  Albany  is  such  that,  had  there  been  many  more  cracks,  or 
had  there  been  some  little  settlement  in  portions  of  the  work,  the 
structures  would  still  have  maintained  their  stability,  and  would  have 
continued  to  serve  the  purpose  for  which  they  were  built. 

In  reply  to  Mr.   Maignen*s  question,  the  sand-washing  apparatus 
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Mr.  Haaen.  is  not  protected  from  the  weather,  and  no  sand  is  washed  dnxing  the 
winter  months.  The  dirtj  sand  dnring  this  time  is  piled  np  in  the 
oonrt  to  be  washed  in  the  spring.  It  wonld,  no  donbt,  be  possible  to 
protect  the  apparatus  so  as  to  wash  in  winter,  but  there  is  no  objection 
to  allowing  the  sand  to  remain  nntil  spring. 

In  regard  to  the  thickness  of  the  gravel  layers,  mentioned  by  Mr. 
Fowler  and  Mr.  G.  W.  Fuller,  the  writer  has  constmcted  and  observed 
many  filters  daring  the  last  dozen  years,  many  of  them  experimental, 
and  a  smaller  number  for  actual  work.  In  many  cases  he  has  used 
gravel  layers  thinner  than  those  at  Albany.  He  does  not  remember 
that  he  has  ever  used  thicker  layers  in*the  aggregate,  although  in 
some  cases  the  minimum  over  the  tops  of  the  drains  may  have  been  & 
little  greater.  He  has  had  occasion  to  examine  quite  a  number  of 
the  drains  after  they  had  been  in  use  for  considerable  periods,  and  in 
no  case  has  he  been  led  to  think  that  thicker  gravel  layers  would  have 
been  desirable.  Thin  gravel  layers,  of  the  right  sizes  and  carefully 
placed,  are,  in  his  opinion,  quite  as  good  as  thicker  ones.  Much 
thicker  layers,  carelessly  placed,  or  not  of  the  right  sizes,  are  entirely 
inadequate.  It  is  cheaper  and  better  in  every  way  to  use  com- 
paratively thin  layers,  and  to  take  the  trouble  to  make  them  right, 
and  have  them  effective,  than  to  use  thicker  layers  and  depend  to  & 
certain  extent  upon  chance  for  the  resxdts. 

The  methods  adopted  by  the  contractors  at  Albany  for  screening 
and  placing  the  gravel  were  particularly  satisfactory.  There  has  not 
been  the  slightest  evidence  of  incomplete  support,  nor  does  the  writer 
consider  that  there  is  any  danger  that  the  sand  will  get  into  the 
g^vel  so  as  to  injure  the  filters. 

In  this  connection,  it  may  be  stated  that  the  coarse  gravel  over  the 
drains,  and  particularly  about  the  joints,  was  placed  with  unusual 
care.  The  workmen  were  instructed  personally  in  the  methods  to  be 
adopted  in  this  part  of  the  work.  They  quickly  became  skillful  at 
it,  and  were  faithful  in  carrying  out  their  instructions. 

Mr.  Fowler  mentions  the  clogging  of  the  holes  in  tne  inlet  pipes  to 
the  sedimentation  basin.  In  practice,  it  is  found  that  these  holes  are 
stopped  up,  to  a  certain  extent.  The  appearance  of  the  outlets  is  noi 
very  much  changed  until  a  considerable  proportion  of  the  holes  is 
stopped.  Practically,  the  rate  of  pumping  always  exceeds  the  capacity 
of  the  holes,  and  water  is  always  flowing  over  the  tops  of  the  pipes.  It 
is  necessary  to  clean  the  holes  at  intervals,  and  this  is  done  with  a 
broom,  by  a  man  in  a  boat.  The  cleaning  is  done  very  quickly.  It 
can  be  done  at  any  time  when  the  pumps  are  stopped,  or,  when  they 
are  running,  by  shutting  off  the  inlets  in  rotation.  The  inlets  have 
actually  been  cleaned  at  intervals  of  a  week  or  two,  and  the  labor 
required  was  very  slight. 

At  another  time,  the  writer  would  put  the  inlets  somewhat  farther 
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away  from  the  bank.  With  this  done,  it  wonld  be  possible  to  leave  Mr.  Haxen. 
the  perforated  pipes  in  position  during  the  winter.  As  it  is,  the  spray 
from  them  bnilds  ice  npon  the  bank.  They  were  actually  taken  off 
soon  after  the  commencement  of  cold  weather.  This  is  not  a  yery 
important  matter,  as  they  are  easily  taken  off ;  there  is  probably  no 
necessity  for  aeration  during  the  winter,  and,  with  the  lower  lift,  a 
little  coal  is  saved. 

The  question  raised  by  Mr.  Fowler  as  to  the  size  of  individual  filters 
and  the  number  of  beds  in  a  plant,  is  an  important  one.  It  should 
be  remembered,  however,  that  while  the  convenience  of  opera- 
tion is  generally  increased  by  increasing  the  number  of  beds,  the  cost 
of  construction  per  unit  of  area  is  also  increased,  and  it  may  often  be 
found  best  to  sacrifice  something  of  present  convenience  to  economy 
of  construction  ;  or,  in  other  words,  with  a  given  sum  of  money,  to 
build  a  larger  area  of  large  beds,  rather  than  a  smaller  area  of  small 
ones. 

The  comparisons  of  populations  upon  several  rivers,  mentioned  by 
Mr.  Trautwine,  are  extremely  interesting.  It  should  be  noted,  how- 
ever, that  the  figures  given  by  the  writer  for  the  Hudson  Biver  include 
only  the  populations  of  cities,  towns  and  villages,  and,  as  stated  in  the 
paper,  do  not  include  the  rural  population.  The  rural  population, 
obtained  by  going  over  the  water-shed  by  counties,  and  deducting  the 
populations  of  cities,  towns  and  villages  given  in  the  table,  amounts  to 
about  30  per  square  mile  for  1890.  The  rural  population  does  not 
change  rapidly,  and  a  close  approximation  to  the  total  population  at 
the  various  dates  would  be  obtained  by  adding  80  per  square  mile  to 
the  figures  for  the  urban  population  given  in  the  table. 

The  methods  of  distribution  of  the  cost  of  various  parts  of  the 
plant,  given  by  Mr.  Trautwine,  are  not  entirely  clear  to  the  writer. 
The  figures  given  in  the  paper  were  obtained  by  going  over  each  item 
somewhat  carefully,  and  allotting  the  proper  proportion  to  the  struct- 
ures indicated.  The  final  results  were  given  in  round  numbers, 
because  of  the  impossibility  of  deciding  the  exact  points  of  division 
between  the  various  parts  mentioned. 

The  question  raised  by  Mr.  G.  W.  Fuller,  as  to  the  quality  of  the 
raw  water,  has  been  already  answered  in  part  by  Mr.  Bailey  in  his 
discussion.  Data  upon  these  points  are  rapidly  being  accumulated 
at  the  laboratory  of  the  works,  and  much  more  complete  results  will 
be  available  after  a  little  while.  The  data  at  hand  at  the  time  of  the 
preparation  of  the  paper  were  so  meager  in  comparison  with  those 
now  being  obtained,  that  it  was  thought  best  to  let  the  matter  stand 
until  it  could  be  discussed  more  adequately. 

The  general  character  of  the  water,  as  regards  muddiness,  is 
between  the  very  clear  waters  of  most  New  England  streams,  and  the 
turbid  waters  of  the  Middle  States,  although  it  resembles  the  former 
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Mr.  Hazen.  more  i^an  the  latter.  Qenerally,  the  raw  water  is  comparatively 
dear,  but  very  muddy  water  is  obtained  occasionally,  especially 
from  the  Mohawk,  which  drains  a  clayey  country  from  which  the 
water  is  quite  muddy.  The  fluctuations  in  turbidity  are  much  less 
rapid  at  Albany  than  in  some  other  places,  and  when  the  water 
becomes  turbid  it  remains  so  for  several  days.  The  greatest  tur- 
bidity yet  observed  is  such  that  a  bright  platinum  wire  0.04  in.  in 
diameter  can  be  seen  through  only  1  in.  of  water. 

In  reply  to  Mr.  Whipple's  question,  Bleecker  Beservoir,  which  is 
perhaps  the  most  important  of  the  distributing  reservoirs,  has  recently 
been  thoroughly  cleaned.  The  laboratory  in  connection  with  the  filter 
plant  will  make  studies  of  the  vegetable  growths  which  occur  in  the 
reservoirs,  but  it  is  too  early  to  draw  any  conclusions  upon  this  point. 

The  odor  due  to  gas  waste,  mentioned  by  Dr.  Mason,  first  occurred 
after  the  paper  was  prepared.  The  odor  was  offensive  on  only  one 
occasion  during  the  fall,  resulting  from  a  combination  of  extremely 
low  water,  spring  tides,  and  a  south  wind.  Dr.  Mason  has  indicated 
the  proper  solution  of  this  problem,  and  the  gas  company  has  made 
arrangements  to  build  a  drain  to  the  Patroons  Creek  sewer,  so  that  this 
material,  instead  of  being  discharged  into  the  back  channel,  will  be 
discharged  into  the  river  below  the  southern  end  of  the  island,  where 
the  opportunities  for  dilution  will  be  much  greater.  It  is  also  to 
be  hoped  that  improved  methods  at  the  gas  works  will  reduce  the 
amount  of  this  highly  objectionable  material  to  be  discharged  into  the 
river.  It  should  be  understood  that  this  odor  was  due  to  material  dis- 
charged into  the  back  channel  at  a  point  near  the  intake,  and  carried 
up  to  it  in  a  comparatively  concentrated  condition,  and  not  to  material 
which  had  become  mixed  with  a  considerable  portion  of  water  flowing 
in  the  river. 
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Thomas  Rodd. 

On  Units  of  M  basurement  :— George  M.  Bond,  William  M.  Black,  R.  E.  McMath, 
Charles  B.  Dudley,  Alexander  C.  Humphreys. 

On  the  Proper  Manipulation  of  Tests  of  Cement  :— George  F.  Swain,  Alfred  Noble, 
George  S.  Webster,  W.  B.  W.  Howe,  Louis  C.  Sabin,  H.  W.  York. 


The  House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  a.m.  to  10  p.m. 
UouBX  or  THX  SodBTT— 220  Wb8t  Fittt-seyenth  Stbekt,  Nsw  Yobk. 
Telephone  Number,  588  Columbus. 

Cable  Address,  -    "Ceas,  New  York." 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 

May  ad,  1900. — The  meeting  was  called  to  order  at  8.45  p.  m.,  Vice- 
President  Rudolph  Hering  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary, and  present,  also,  73  members  and  14  visitors. 

The  minutes  of  the  meetings  of  April  4th  and  18th,  1900,  as  printed 
in  Proceedings  for  April,  1900,  were  approved. 

A  paper  by  J.  M.  Moncrieff,  M.  Am.  Soc.  C.  E.,  entitled  **  The 
Practical  Column  under  Central  and  Eccentric  Loads,"  was  presented 
by  the  Secretary,  who  also  presented  a  written  discussion  on  the  paper 
by  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E.  The  subject  was  dis- 
cussed orally  by  Messrs.  W.  H.  Breithaupt,  C.  T.  Purdy  and  H.  S. 
Priohard. 
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Ballots  were  canvassed  and   the    following  candidates  declared 
elected: 

As  Members. 

BoBEBT  Adam,  Vera  Cruz,  Mex. 

Fbakk  YaiiEntene  Ebhabd  Babdol,  Buffalo,  N.  Y. 

BoBEBT  James  Beach,  Brooklyn,  N.  Y. 

John  Benjamin  Body,  Coatzacoalcos,  Mex. 

AiiFKEiD  WiiiLABD  Fbench,  Brooklju,  N.  Y. 

CuEFOBD  Stephen  Kelsey,  Westfield,  N.  J. 

James  Henby  ILennedy,  St.  Thomas,  Ont. 

John  Lanoton,  New  York  City. 

Chables  Osoab  McComb,  Watertown,  N.  Y. 

William  Moncdbe,  Raleigh,  N.  C. 

John  Austin  Pattebson,  Philadelphia,  Pa. 

Alexandeb  Bell  Boss,  Leavenworth,  Eans. 

Clabence  Bbownino  Vobce,  Hartford,  Conn. 

Mabk  Albiqense  Waldo,  Leavenworth,  Eans. 

As  Associate  Membebs. 

William  Bussell  Davis,  Albany,  N.  Y. 
Lawbence  Gbiffith,  New  York  City. 
Chables  Bufus  Habte,  Jamaica  Plain,  Mass. 
John  Bbuce  Hayden,  New  York  City. 
Clipton  Stewabt  Humphreys,  Madison,  Me. 
Tillinohabt  L*Homm£dieu  Huston,  Havana,  Cuba. 
BoBEBT  Edwabd  Moss,  Bloomficld,  N.  J. 
Chables  Henby  Nichols,  New  Haven,  Conn. 
Macy  Stanton  Pope,  East  Machias,  Me. 
Leidy  Budy  Shellenbeboeb,  Philadelphia,  Pa. 
Henby  Hudson  Shepabd,  New  Berlin,  N.  Y. 
Chables  Winslow  Shebman,  Boston,  Mass. 

Announcement  was  made  that  the  following  candidates  were  elected 
by  the  Board  of  Direction,  May  1st,  1900: 

As  Associates. 

Ebneot  Bobinson  Ackebman,  New  York  City. 
Jacob  Hebbebt  Sawyeb,  Chestnut  Hill,  Mass. 

As  Juniobs. 

Baymond  Edmond  Adams,  Philadelphia,  Pa. 
Walter  Hinds  Allen,  Durango,  Mex. 
Eugene  Bbadfobd  Bumsted,  Jersey  City,  N.  J. 
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Abthub  Mobtimeb  Day,  New  York  City. 
Horace  De  Beheb  Haight,  Detroit,  Mich. 
Edward  EAsniAN  Minor,  New  Haven,  Conn. 
Lazarus  White,  New  York  City. 

Adjonrned. 

May  i6th,  1900. — The  meeting  was  called  to  order  at  8.45  p.  m., 
Samuel  Whiaery,  Director,  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary, and  present,  also,  110  members  and  24  visitors. 

An  informal  discussion  on  Structural  Steel  for  Buildings;  Wrought 
Iron;  and  Structural  St^el  for  Bridges  and  Ships  was  opened  by  Mans- 
field Merriman,  M.  Am.  Soc.  C.  £.  The  subject  was  discussed  by 
Messrs.  H.  M.  Howe,  William  B.  Webster,  Henry  Goldmark,  H.  H. 
Campbell,  W.  H.  Burr,  B.  S.  Buck  and  Henry  B.  Seaman. 

The  Secretary  presented  a  written  discussion  on  the  subject  by  J.  E. 
Greiner,  M.  Am.  Soc.  C.  E. 

The  Secretary  announced  the  death  of  Frank  Pauij  Dayis;  elected 
Member  February  1st,  1888;  died  May  3d,  1900. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

May  ist,  1900.— The  Board  met  at  8.20  p.m.,  Vice-President 
Hering  in  the  Chair;  Charles  Warren  Hunt,  Secretary,  and  present, 
also,  Messrs.  Buchholz,  Deyo,  Enap,  Manley,  Morison,  Noble, 
0*Bourke,  Bicketts,  Seaman,  Turner  and  Whinery. 

Action  was  taken  in  regard  to  members  in  arrears  for  dues. 

An  agreement  was  authorized  reducing  the  rate  of  interest  on  the 
mortgage  on  the  Society  property  from  4^  to  4  per  cent. 

The  Secretary  was  authorized  to  send  a  circular  showing  the  geo- 
graphical districts  into  which  the  Society  is  divided  for  the  purposes 
of  the  Nominating  Committee,  and  giving  members  in  each  district 
an  opportunity  to  nominate  a  representative  on  that  Committee,  such 
nominations  to  be  presented  to  the  Annual  Convention. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Two  candidates  for  Associate  and  seven  for  Junior  were  elected.* 

Adjourned. 

*  See  page  142. 
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ANNOUNCEMENTS. 

In  accordance  with  the  resolution  of  the  Board  of  Direction  the 
House  of  the  Society  is  open  every  day,  except  Sunday,  from  9  A.  M. 
to  10  P.  M. 

MEETINQS. 

Wednesday,  June  6th,  1900. — This  will  be  the  last  meeting  before 
the  summer  vacation.  Ballots  for  membership  will  be  canvassed,  and 
a  paper  by  F.  A.  Kummer,  Jun.  Am.  Soc.  C.  E.,  entitled,  **A  Pro- 
posed Method  for  the  Preservation  of  Timber,"  will  be  presented  for 
discussion.  This  paper  is  printed  in  the  current  number  of  Pre- 
ceedhigs. 

Wednesday,  Septemlier  5th,  1900. — A  regular  business  meeting 
will  be  held.  Ballots  for  membership  will  be  canvassed,  and  a  paper 
by  Elwood  Mead,  M.  Am.  Soc,  C.  E.,  entitled,  **  Irrigation  Studies," 
will  be  presented  for  discussion.  This  paper  is  printed  in  the  current 
number  of  Proceedings. 

THIRTY-SECOND  ANNUAL  CONVENTION. 

The  Thirty-second  Annual  Convention  of  the  Society  will  be  held 
at  the  House  of  the  Institution  of  Civil  Engineers,  Great  George  St., 
Westminster,  S.  W.,  London,  England,  beginning  on  Monday,  July 
2d,  1900,  and  continuing  during  that  week. 

The  general  arrangements  for  the  Convention  are  in  the  hands  of  a 
Committee  of  the  Board  of  Direction,  consisting  of  the  following: 

Palmer  C.  Ricketts, 
H.  S.  Haines,  Rudolph  Hebinq, 

Henby  Manley,  Chables  Wabben  Hunt. 

The  following  Local  Committee  of  Arrangements  has  been  appointed 
by  the  Board  of  Direction : 

Sir  Benjamin  Baeeb,  John  A.  McDonald, 

Sir  Douglas  Fox,  Htbam  S.  Maxim, 

Rawunson  T.  Bayliss,  William  B.  Myebs-Beswick, 

James  R.  Bell,  John  P.  0*Donnell, 

William  Henby  Booth,  M.  E.  Yeatman, 

Geobge  Eabl  Chubch,  Albebt  J.  Campbell, 

A.  G.  Glasgow,  Millabd  Hunsieeb, 

Robebt  Gobdon.  J.  R.  Fubman, 

Alfbed  Fbancis  Habley,  Victob  M.  Clement. 
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The  subjects  for  informal  discnssion  have  been  printed  in  Pro- 
ceedings,^ 

The  opening  session  of  the  Convention  -will  be  held  during  the 
afternoon  of  Monday,  July  ad,  1900,  when  the  Society  will  be  wel- 
comed by  the  President  of  the  Institution,  Sir  Douglas  Fox;  and 
John  F.  Wallace,  President,  Am.  Soc.  C.  E.,  will  deliver  the  Annual 
Address. 

On  Monday  evening  the  first  of  the  topical  discussions,  relating  to 
High  Buildings,  will  be  opened  by  Corydon  T.  Purdy,  M.  Am.  Soc. 
C.  E. ,  who  will  illustrate  his  remarks  with  stereopticon  views. 

Other  meetings  will  be  arranged  for  the  discussion  of  the  other 
subjects,  and  a  time  will  be  set  for  a  Business  Meeting.  The  dates 
and  other  particulars  of  these  meetings,  as  well  as  excursions  to  points 
of  interest,  etc.,  will  be  arranged  by  the  Local  Committee. 

Members  who  are  unable  to  attend  are  invited  to  send  written 
communications  on  any  of  the  subjects,  for  presentation  at  the 
meeting. 

On  the  evening  of  Thursday,  July  5th,  1900,  the  Institution  will 
hold  its  Annual  Conversazione  in  the  ancient  Guildhall  of  the  City  of 
London,  and  has  invited  the  members  of  the  Society,  as  well  as  the 
ladies  of  their  families,  to  this  function. 


NOMINATINQ  COMMITTEE. 

A  map  showing  the  seven  geographical  districts  into  which  the 
territory  occupied  by  the  membership  is  divided,  for  the  purposes  of 
the  Nominating  Committee,  is  printed  on  page  146. 

The  members  of  the  Nominating  Committee  holding  over  and  the 
districts  they  represent  are  given  in  the  following  list: 

Alfred  W.  Tbottbr,  District  No.  1.        W.  G.  Wilkins,  District  No.  4. 

Geobqe  B.  Francis,        **         **    2.        Augustus  Mokdeoai,  "        "  5. 

T.  McC.  Leutze,  **         ''3.        J.  A.  Ockerson,  "        **  6. 

Hiram  M.  Savage,  District  No.  7. 

From  each  district  another  representative  is  to  be  appointed  by 
the  Business  Meeting  of  the  Annual  Convention. 

Corporate  Members  have  recently  been  given  the  opportunity  of 
sending  in  the  name  of  their  choice,  the  nominations  so  made  to  be 
presented  to  the  Business  Meeting. 

•  Vol.  XX vi,  p.  97  (April,  1900). 
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MONTHLY  LIST  OF  RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST, 

(April  11th  to  May  9th,  1900.) 
Note. — This  list  is  published  for  the  p  urpose  o/placina  before  the  members 
of  the  Society  the  titles  of  current  engineering  articles,  which  can  be  referred 
to  in  any  available  engineering  library ,  or  can  be  procured  by  addressing 
the  publication  directly,  the  address  and  price  being  given  wherever 
possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  number  pre- 
fixed  to  each  journal  in  this  list, 

(aa)  Memoirt  et  Compt  Rendu  dea  Tra- 
vaux^  Soc.  Ing.  Civ.  de  France, 
Paris,  France. 

(33)  2>  Qinie  Civile  Paris,  France. 

(34)  PortefeuiUe  Econotniqtte  des  Ma- 
chines, Paris,  France. 

(as)  NouveUea  Annalea  de  la  Construc- 
tion, Paris,  France. 

(a6)  La  Revue  Techniqtie^  Paris,  France. 

(a7)  Revue  de  Mecaniaue^  Paris,  France. 

(ao)  Revue  Qinirale  des  Chemins  de  Fer 
et  des  Tramways^  Paris,  France. 

(a9)  Railway  Master  Mechanic^  Chicago, 
III. 

(40)  Rail voay^Age^  CHilcago,  IlL,  10c. 

(4a) 
(43) 


(1)  Journal^  Assoc.  Eng.  Soc.,  267  South 
Fourth  St.,  Phllaaelphia,  Pa.,  80c. 

(a)  Proceedinas,  Ens'.  Club  of  Fhila.,  1128 
airard  St.,  Philadelphia,  Pa. 

<3)  Joumcd,  Franklin  Ijist.,  Philadel- 
phia, Pa..  60c. 

(4)  Journal,  Western  Soc.  of  Eng.,  Mo- 
nadnock  Block,  Chicago,  111. 

<5)  Trans(tctio7is,  Can.  Soc.  C.  E.,  Mon- 
treal, Que.,  Can. 

(6)  Sctiool  of  Mines  Quarterly.  Columbia 

Univ.,  New  York  City,  60c. 

(7)  Technology   Quarterly^   Mass.    Inst. 

Tech.,  Boston,  Mass.,  76c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Institute,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magazine,  .New   York 

(Jity,  80c. 
<io)  Gassier'' s  Magazine,  New  York  City, 

86c. 
(II)  Engineering  (London),  W.  H.  Wiley, 

New  York  City,  86c. 
(I a)  The  Engineer  (London),  International 

News  Co.,  New  York  City,  86c. 

(13)  Engineering  News,  New  York  City, 

(14)  The  Engineering  Record,  New  York 

City,  12c 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and    Mining  Journal, 

New  York  City.  15c. 

(17)  Street  Railway  Journal,  New  York 

City,  86c. 

(18)  Railtoay  and  Engineering   Review, 

Chicago,  111. 

(lo)  Scientific  American  Supplement,  New 
York  City,  10c. 

(ao)  Iron  Age,  New  York  City,  10c. 

(ai)  Railway  Engineer,  London,  Eng- 
land. 

(aa)  Iron  and  Coal  Trades  Review,  Lon- 
don, England. 

(aa)  Bulletin,  American  Iron  and  Steel 
Assoc.,  Philadelphia,  Pa. 

(a4)  American  OcLslight  Journal,  New 
York  City,  lOc. 

(aa)  American  Engineer,  "Sew  York  City, 
20c. 

(a6)  Electrical  Review,  London,  England. 

(a7)  Electrical  World  and  Electrical  En- 
gineer, New  York  Ci^,  10c. 

(a8)  Industries  and  Iron,  London,  Eng- 
land. 

(39)  Journal,  Society  of  Arts,  London, 
England. 

(30)  Annates   des    Travaux   Publics   de 

Belgique,  Brussels,  Belgrium. 

(31)  Annates  de  V  Assoc,  des  Ing.  Sortis 

des  Ec6l€  Sp^ciales  de  Gkind,  Brus- 
sels. Belgium. 


Modem  Machinery  ,Chicagp,  Hl.j,  10c. 
TransactioTis,  Am.  Inst.  Elec.  Elng., 

New  York  (5lty,  60c. 
Annates   des   Ponts   et    Chausstes, 
Paris,  France. 
(44)  Journal,    Military  Service    Institu- 
tion, Governor's  Island,  New  York 
Harbor,  76c. 
(43)  Mines  and  Minerals,  Scranton,  Pa. 
20c. 

(46)  Scientific  American,  New  York  City, 

10c. 

(47)  Mechanical  Engineer,    Manchester, 

England. 

(48)  Zeitschrift  des  Vereines  Deutscher  In- 

genieure,  Berlin,  Germany. 

(49)  Zeitschrift ffir Bauwesen,BeiT\Sn,Oer- 

many.  s 

(50)  Stahl  und  Eisen,  Duesseldorf,  Ger- 

many. 

(ai)  Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

(5a)  Rigasche  Industrie-Zeitung,  Riga, 
Russia. 

(53)  Zeitschrift  des  oesterreichischen  In- 
genieur  und  Architekten  Vereines, 
Vienna,  Austria. 

(34)  Den  Tekniske  Forenings  Tidsskriftt 
Copenhagen,  Denmark. 

(88)  Ingenidren,  Copenhagen,  Denmark. 

(56)  Teknisk  Tidskrift.  Stockholm,   Swe- 

den. 

( 57 )  Teknisk  Ugeblad,  Christiania,Norway. 

(58)  Proceedin^gs,  Eng.  Soc.   W.  Pa.    410 

Penn  Ave.,  Pittsburg,  Pa.    50c. 

(39)  Transactions,  Mining  Institute  of 
Scotland,  London  and  Newcastle- 
upon-Tyne. 

(6i)  Proceedings,  Western  Railway  Club. 
225  Dearborn  St.,  Chicago,  111.,  25c. 

(6a)  American  Manufacturer  and  Iron 
World,  59  Ninth  St.,  Pittsburg,  Pa. 

(6a)  Minutes  of  Proceedings,  Inst.  C.  E., 
London,  England. 
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LIST  OP  ARTICLES. 
Bridiee. 

Rebuilding  of  the  Kinnickinnic  River  Swing  Bridge  on  the  Chicago  &  Northwestern  Rail- 


way, at  MUwaukee,  Wis.*    Francis  H.  Bainbridge.    (4)  April. 
A  176-ft.  Counterbalanced  Plate-Girder  Swing  Bridge,  Chicago,  Milwaukee  &  St  Paul 

Ry.*    (13)  April  19. 
The  Position  of  wheel  Loads  Causing  Maximum  Stresses  in  Web  Members.*    M.  A. 

Howe.    (15)  April  20. 
The  Memorial  Bridge  Across  the  Potomac.*    (14)  April  21. 
Erection  of  Towers,  New  East  River  Bridge.*    (14)  May  5. 

Electrical. 

HjTsteresis  in  Sheet  Iron  and  Steel.*    Arthur  Hillyer  Ford.    (4a)  March. 

The  Design  of  Rotary  Converters.*  H.  F.  Parshall  and  H.  M.  Hobart.  (11)  Serial  begin- 
ning Sept.  HQ,  1899,  endine  April  27, 1900. 

The  Willesden  Electricity  Works  of  the  Metropolitan  Electric  Supply  Company,  Lim- 
ited.*   (a6)  Serial  beginning  March  28,  ending  April  6. 

The  Electric  Wiring  of  Buildings.*  W.  A.  Chamen.  (47)  Serial  beginning  March  81« 
ending  April  14. 

Grounds  on  Underground  Trolley  Railway  Systems.    (17)  April. 

Three-Phase  Transmission  on  the  Union  Railroad,  Providence,  R.  I.*    Burcham  Hard- 


ing.   (17)  April. 
The  Electric  Lighting 


.htlng  of  St.  Petersburg.*    (a6)  Serial  beginning  April  6,  ending  April 
18. 

Storage  Battery  Problems.    E.  J.  Wade.    (47)  April  7. 
York  Corporation  Electricity  Works.*    (ao)  AprD  18. 
Electric  Traction  Under  Steam  Railway  Conditions.     Edward  C.  Boynton.     (47)  April 

The  Facilities  Afforded  by  the  OfQce  of  Standard  Weights  and  Measures  for  the  Verifi- 
cation of  Electrical  Standards  and  Electrical  Measuring  Apparatus.  Frank  A  Wolff, 
Jr.    (19)  April  14. 

The  Production  of  Asymmetrical  Alternating  Currents  by  Means  of  Electrolytic  Polar- 
ization.*   W.  L.  HUdburgh.    (37)  Serial  beginning  April  14,  ending  April  21. 

Traction  Motor  Suspensions.*  Ernest  Kllburn  Scott.  (a6)  Serial  b^^ning  April  18, 
ending  April  20. 

Electrolysis.    E.  H.  Jenkins.    (24)  April  28. 


Standardization  of  Automobile  Batteries.    James  K.  Pumpelly.    (19)  April  28. 
Use  and  Care  of  Electric  Meters.    E.  D.  Kelly.    (24)  Aprf  "^ 
Electricity  at  the  Paris  Exposition  of  1900.*    (37}  May  6. 


use  and  Care  of  Electric  Meters.    E.  D.  Kelly.    (24)  April  80. 

Electricity  at  the  Paris  Exposition  of  1900.*    (97)  May  6. 

Electrolysis  from  the  Ground  Return  Current  of  Street  Railways.*    Albert  B.  Herrick. 


(17)  May  6. 
Electricity  as  Motive  Power  on  Railroads.    Frahm.    (50)  Serial  beginning  April  15, 

ending  May  1. 
La  T61^raphie  Sous-Marine  en  France.    H.  Casevitz.    (3a)  April,  Premidre  Qulnzaine. 

Marine. 

Analysis  of  the  Speed-Trial  of  the  Twin-Screw  Steam  Tacht  Sovereign.    D.  W.  Taylor's 

Method  of  Trial  Analysis.*    Robert  S.  Haight.    (8)  April. 
Coal  Economy  of  Screw  Ferryboats.    Col.  E.  A.  Stevens.    (8)  April. 
Corrosion  and  Failure  of  Propeller  Shafts.*    A.  Scott  Younger,    (la)  April  20. 
On  the  Influence  of  Depth  of  water  on  the  Resistance  of  Snips.    Giuseppe  Rota.    (ii> 

April  20. 
Shipping  and  Shipbuilding  in  the  United  States.    James  W.  Ross.    (19^  April  88. 
The  16,000-Ton  Floating  Dry  Dock  for  the  U.  8.  Naval  Station  at  Algiers,  La.*    <I3> 

Mays. 
German  Shipbuilding  and  Auxiliary  Industries.*    (50)  May  1. 
Development  de  la  Construction  Navale  en  Belgique.    (30)  April. 

Mechanical. 

An  Interesting  Problem  in  Thermodynamics.    Lewis  Sanders.    (8)  April. 

Steam  Pipes.    H.  De  B.  I'arsons.    (8)  April. 

The  Steam  Engine  at  the  End  of  the  Nhieteenth  Century.*  Prof.  R.  H.  Thurston.  (47) 
Serial  beginning  April  7,  ending  April  21. 

The  Transfer  of  Heat  Between  the  Steam  and  Cylinder  Walls.    (47)  April  7. 

Westinghouse- Parsons  Steam  Turbine ;  Westinghouse  Air  Brake  Works  at  Wilmerding, 
Operated  by  Three  Enginet*.*    (6a)  April  12. 

The  westinghouse-Parsons  Steam  Turbme.*    (15)  April  18. 

The  Berthier  Method  of  Coal  Calorlmetry.*    C.  V.  Kerr,    (ao)  April  19. 

Progress  of  the  Gas  Engine.*    C.  V.  Kerr.    (a4)  April  28. 

The  Beal  Valve  for  Gas  Works.*    (a4)  April  28. 

Works  of  the  Cincinnati  Milling  Machine  Company:  Special  Methods  and  Appliances.* 
(ao)  April  26. 

On  Mysterious  Fractures  of  Steel  Shafts.*    R.  Schanzer.    (11)  April  27. 

Large  Gas  Motors  in  Modern  Power  Houses.*    Max  Mtlnzel.    (48)  March  81. 

The  Increasing  Use  of  Large  Gas-Motors  in  Modem  Power  Plants.*  (50)  Serial  begin- 
ning March  15,  ending  April  1. 

Results  of  Experiments  with  the  First  Blast-Fumace  Gas  Blower  Engine.*  (50)  April 
16. 

♦  Illustrated. 


Digitized 


byGoogk 


Affaire.]  CURRBNT  TEOHKICAL  LITERATURE.  149 

Mechanical— (Continued) . 

On  the  Production  and  Use  of  Power  from  Blast-Fumace  Gas.    Horace  ^len.    (aa) 

April  27. 
The  Hydraulic  System  of  Air  Compression,    (lo)  April  28. 
The  Effective  Lubrication  of  Journals.*    K.  w.  Qraham  Snook.    (9)  May. 
The  Modem  Boiler  Shop.*    Joseph  Homer.    (10)  May. 
Typical  Horizontal  British  Bteam  Engines.*    W.  D.  wansbrough.    (10)  May. 
The  Oas  Engine  m  Practical  Use.*   J.  D.  Lyon.    (6a)  May  8. 
Westinghouse-Parsons  Steam  Turbine  Plant.*    Burcham  Harding.    (14)  May  5. 
Les  Machines  &  Vapeur:  Formule  G6n6rale  du  Rendement.*    J.  NadaL    (37)  Serial 

beginning  February,  ending  March. 

Military. 

Modem  Weapons  and  Their  Influence  on  Tactics  and  Organization.    Captain  W.  H. 

James.    (44J  March. 
Modem  Field  Aitillery.*    (19)  April  28. 
Electrical  Apparatus  in  Military  Operations.*    John  P.  Wisser.    (9)  May. 

Mining. 

Colliery  Surface  Arrangements;  For  the  Delirery  of  Coal  from  Pit  Cage  into  Railway 
Waggonfi,  for  a  Gross  Quantity  of,  say,  1,500  Tons  per  Day,  Exclusive  of  Coal  Wash- 
ing and  Coking.*    8.  A.  Everett,    (as)  April  6. 

The  Colliery  Locomotive.    ( aa)  Senal  beginning  April  6,  ending  April  18. 

The  Lixiviation  of  Gold  Deposits  bv  Vegetation.    Dr.  E.  E.  Lungwitz.    (16)  April  88. 

Working  Deep  Coal  Beds:  A  New  Method  of  Overcoming  Some  ot  the  Difficulties  Met 
with  as  Mines  Attain  Greater  Depth.*    H.  M.  Chance.    (48)  May. 

Mine  Dams.    James  McNaughton.    (16)  May  6. 

Municipal. 

Some  Theories  Regarding  Cement  Walks.*    Daniel  B.  Luten.    (14)  April  14. 
Municipal  Cleansing  in  Gn-eat  Britain.    (13)  April  26. 

Railroad. 

Signaling  As  It  Is  and  As  It  Might  Be.    A.  H.  Rudd.    (15)  Serial  beginning  January  26, 

ending  May  4. 
The  Langen  Mono-Rail  Suspended  Railway  at  Elberf eld-Barmen.*    (la)  Serial  beginning 

Marcn  80,  ending  April  90. 
Dayton,  O.,  as  an  Interurban  Railway  Center.*    (17)  April. 
Some   Differences  -  Between  American  and  Britisn    City   Transportation  Methods.* 

Edward  E.  Higgins.    (17)  April. 
The  Electric  Tramway  System  of  Perth.*    (17)  April. 
The  Proper  Care  of  Packing  in  Journal  Boxes;  Its  Important  Relation  to  Successful 

Lubrication.*    H.  C.  McCarty.    (39)  April. 
Locomotive  Design.    E.  H.  McHenry.    (15)  April  18. 

Recent  Practice  and  the  Future  of  the  Locomotive.    F.  W.  Deans.    (47)  April  14. 
Compensation  for  Carrying  liails.    J.  Kmttschnitt.    (15)  April  20. 
Railway  Blacksmithine.    Stephen  Uren.    (18)  April  21. 
Smoke  Prevention  on  the  Railways  entering  Chicago.    (13)  April  26. 
Bumhiff  Bituminous  Coal  Without  Smoke  on  the  Southem  Paciflc  System.*  J.  Snowden 


Tramways.*    (la)  April  27. 


Bell.    (lA)  April  27. 
The  Westlnghouse  Electro-Magnetic  Traction  System  for  Tr 
Prevention  of  Wear  of  Driving  Wheel  Flanges.*    (as)  May. 
The  Westlnghouse  Friction  Draft  Gear.*    (a5)  May. 
Interlocking  Protection  for  Grade  Crossings.*    J.  I.  Vernon.    (18)  May  5. 
The  Ringsend  Power  Plant  of  the  Dublin  United  Tramways  Company  at  Dublin.*    A.  C. 

Shaw.    (17)  M^5. 
The  Waterloo  and  City  Railway.*    H.  H.  Dalrymple-Hay.    (63)  Vol.  cxxxix,  Pt.  I. 
Block  System  for  Single-Track  Railroads.    G.  Rank.    (53)  April  18. 
The  Connection  between  the  Great  Siberian  and  the  East  Chinese  Railroads.    K.  Ipe- 

berg.    (5a)  March  15. 
Note  sur  les  Nouvelles  Machines  d' Express  a  Simple  Expansion  et  a  Tiroirs  Cylindriques 

desCheminsde  Ferde  TEtat;  R6sultats  Obtenus  en  Service,  Comparison  avec  les 

Machines  Compound.   Desdouits.    (38)  Serial  beginning  March,  ending  April. 
Locomotive  &  Marchandises  Amdricaine.*    (36)  April  10. 
MAthode  Graphique  pour  la  Reconnaissance  et  la  V6riflcation  du  Trac6  des  Voles  de 

Chemins  de  Fer.    Desdouits.*    (43)  4th  Trimestre,  1900. 
Mfesures  Propres  &  Facilites  et  &  Rendre  Plus  ficonomiques  la  Construction  et  TExploi- 

tation  des  Chemins  de  Fer  d*Int«r6t  Local  et  des  Tramways.    Doniol.    (3a)  April, 

Deuxidme  Quinzaine. 

Sanitary. 

The  Worcester  Sludge  Process.*    (14)  April  21. 

Notes  on  Garbage  DiHposal  at  Cincinnati,  Ohio.    (13)  April  26. 

The  Hygiene  of  Ventilation,    (aa)  April  27. 

Ventilation  and  Heating  of  the  Methodist  Episcopal  Home  for  the  Aged,  Philadephia.* 


(14)  April  28. 
mblned  Kef  1 


Combined  Refuse-Destructors  and  Power  Plants.*    C.  N.  Russell.    (63)  Vol.  cxxxix, 
Pt.  I. 


*  Illustrated. 
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Structural. 

Preservative  Treatment  of  Timber.    O.  Chanute.    (4)  April. 

New  Iron  and  Steel  Works  Plant.*    (aa)  Serial  bei^inninff  March  9,  ending  April  18. 

The  Second  Fire  in  the  Fireproof  Home  Store  Building,  Fittsburg,  Pa.*    (13)  April  28. 

Riddles  Wrought  in  Iron  and  Steel.    Paul  Kreuzpointner.    (3)  May. 

A  Concrete  Church.*    (14)  May  6. 

Experiments  on  the  Elasticity  of  Cast  Iron  with  High  Tensile  Strength.*    C.  Bach. 

(48)  March  18. 
The  Hennebique  System  of  Construction.    E.  Ast.    (53)  March  80. 

Topographical. 

Railroad  Preliminary  Survey  by  Stadia.*    John  H.  Lary.    (4)  February. 

Water  Supply. 

Water-Power  for  Electric  Traction  in  the  Isle  of  Man.*    (a6)  April  6. 

The  Failure  of  the  Austin  Dam.*    (14)  April  14. 

Failure  of  the  Oreat  Masonry  Dam  Across  the  Colorado  River  at  Austiu,  Tex.*    (13) 

April  12;  April  19. 
Failure  of  the  Austin  Dam.*    R.  D.  Parker.    04)  April  21. 
Progress  of  the  New  Water- Works  for  Cincinnati,  Ohio.*    f  13)  April  26. 
The  Aaxiliary  Hydraulic  Pumping  Plant  of  the  Peoria  Water- Works  Co.,  Peoria,  El.* 

Dabney  H.  Maury«  Jr.,  M.  Am.  Soc.  C.  E.    (13)  April  26. 
The  Disaster  to  the  Water  Power  Plant  at  Hannawa  Falls,  N.  Y.*    (13)  April  26. 
The  Reconstructed  Canyon  Ferry  Dam,  near  Helena,  Mont.*    (13)  April  26. 
Construction  of  the  Shawinigan  Water  and  Power  Company's  Plant.*    (14)  April  28. 
The  Failure  of  the  Masonry  Dam  at  Austin,  Texas.    ( 19)  April  28. 
The  Failure  of  the  Stand-Pipe  at  Elgin,  111.*    WiUiam  D.  Pence.    ( 13)  May  8. 
WaterPuriflcationatVincennes,  Ind.*    (13)  May  8. 
Distribution  d'Eau  de  la  Ville  de  Vienne  (Autriche)  Etablissement  d'un    Nouveau 

Ch&teau  d'Eau.*    (33)  March  81. 

Waterways. 

An  Assumed  Inconstancy  in  the  Level  of  Lake  Nicaragua:  A  Question  of  the  Perma- 
nency of  the  Nicaraguan  Canal.    C.  Wltlard  Hayes.    (10)  April  28. 
Canal  de  la  Mame  0  la  Sadne.    Gustave  Cadart.    (43)  4th  Irimestre,  1899. 

*  Illustrated. 
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NEW    BOOKS    OF    THE    MONTH. 

Unless  otherwise  specified,  books  in  this  list  have  been  donated  to  the  Library 
by  the  Publisher. 


RAILROAD  CONSTRUCTION. 

Theory  and  Practice:  A  Text-Book  for  the  Use  of  Students  in 
Colleges  and  Technical  Schools.  By  Walter  Loring  Webb,  Assoc.  M. 
Am.  Soc.  C.  E.  Cloth,  9x6  ins.,  456  pp.,  illus.  New  York,  John 
Wiley  &  Sons,  1900.     ^5.00. 

This  book  is  written  primarily  for  students  of  railroad  encdneerinii;  in  technical 
institutiona  The  contents  are:  Railroad  Surveys;  Alignment;  Earthwork:  Trestles; 
Tunnels:  Culverts  and  Minor  Bridges;  Ballast;  Ties  and  Other  Forms  of  Rail  Support: 
Bails;  Bali-Fastenings;  Switches  and  Crossings;  Appendix.  The  Adjustment  of 
Instruments. 

THE  STRBNQTH  OP  MATERIALS, 

A  Text-Book  for  Manual  Training  Schools.  By  Mansfield  Merri- 
man.  Second  Edition,  Revised.  Cloth,  7^  x  5  ins.,  124  pp.  New 
York,  John  Wiley  &  Sons,  1898.     81.00. 

In  this  treatise  an  attempt  has  been  made  to  give  a  presentation  of  the  subject  of 
the  strength  of  materials,  beams,  columns  and  shafts,  which  may  be  understood  by 
those  not  acquainted  with  the  calculus.  The  book  deals  mainly  with  strength,  the 
subject  of  elastic  deformations  occupying  a  subordinate  place.  There  is  a  chapter  on 
the  manufacture  and  general  properties  of  materials,  and  also  one  on  resilience  and 
Impact. 

THE  TECHNIC  OP  MECHANICAL  DRAPTINQ. 

A  Practical  Guide  to  Neat,  Correct  and  Legible  Drawing.  By 
Charles  W.  Reinhardt.  Cloth,  8x11  ins.,  36  pp.,  illus.  New  York. 
The  Engineering  News  Publishing  Company,  1900.     81.00. 

In  the  preface  the  author  states  that  the  book  has  been  prepared  for  the  purpose  of 
furnishing  to  draftsmen  a  thoroughly  practical  sruide  to  good  mechanical  drafting;  no 
attention  has  been  paid  to  the  mathematics  involved.  Many  of  the  illustrations  used  in 
this  work  have  appeared  in  the  columns  of  Engineering  News. 
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MEMBERSHIP. 

ADDITIONS. 

MBMBSBS.  p^jg  ^f 

Bbuct,  Feed  William,  Membership. 

U.  S.EDg.  Office,  Mayport,  FU  April  4,  1900 

GoMKOB,  Edwabd  Hamson,  /  JuD.  Feb.    5,  1890 

Fog.,  Mo.  Valley   Bridge  and  Iron   Works,  J  Assoc.  M.  Feb.    3,  1892 

Leavenworth,  Kans I  M.  April  4,  1900 

Obevzbaxtb,  Bobxbt  Waltsb,  /  Jan.  April  2,  1890 

Prin.  Asst.  Fng.,  Dept.  of  Finance,  280  Broad.  J  Assoc.  M.  April  4,  1894 

way,  Boom  55,  New  York  City I  M.  April  4,  1900 

Dabt,  Justus  Vinton, 

Charge  of  Highway  Dept,  Providence,  B.  I April  4,  1900 

Davis,  Abthxtb  Powell, 

Hydrographer,    U.     S.     Geological    Survey,  j  Assoc.  M.  June  7,  1893 

Washington,  D.  0 /  M.  Oct      4,1899 

FbENCH,  AlFBBO  WlLLABD, 

196  Joralemon  St.,  Brooklyn,  N.  Y May     2,  1900 

Kblsby,  Cliffobd  Stephen,                                              (    Jun.  April  3,  1889 

Army  Bldg.,  39  Whitehall  St..  New  York  City 1      M.  May    2,1900 

McCoMB,  Chablxs  Osgab, 

City  Eng.,  and  Eng.  to  the  Water  Board,  Watertown, 

N.Y May    2,  1900 

Stoddabd,  Gboboe  Caleb, 

215  West  125th  St.,  New  York  City April  4,  1900 

VoBCE,  Clabxncb  Bbownino,                                     r          Jun.  April  30,  1895 

Civ.  and  Cons.  Eng.,  80  Pearl  St,  Hartford,  ]  Assoc.  M.  Oct     7,  1896 

•     Conn (              M.  May     2,1900 

associate  membeb8. 

Cunningham,  Joseph  Hooxzb, 

612  Chamber  of  Commerce,  Portland,  Ore Sept.  6,  1899 

Ellis,  Qboboe  Ezba, 

Supt,  Hudson  Biver   Bridge  Co.,  Albany,  {  Jun.    Mar.   2,  1897 

N.Y Iassoo.M.     Mar.   7,  1900 

GsiFFrrH,  Lawbxnob, 

7  Lincoln  Terrace,  Yonkers,  N.  Y May     2,  1900 

Hallihan,  John  Philip, 

Asst.  Eng.,  £1  Paso  and  Northeastern  By.,  Alamogordo, 

N.  Mex April  4,  1900 

Habte,  Chables  Bufus, 

Eng.  Depi,    N.  Y.,  N.  H.  &  H.  B.    B.,  75  J  Jun.    April  4.  1899 

Green  St.,  Jamaica  Plain,  Mass (  Assoc.  M.     May    2,  1900 

HUBBELL,  ClABBNCX  WiLLIAM, 

Civil  Eng.  to  Board  of  Water  Commissioners,  j      '     Jun.    May  31,  1898 
232  Jefferson  Ave.,  Detroit,  Mich 1  Ass oc.  M.    April  4,  1900 
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T^  r^  ^  Date  of 

HuMPHBKTS,  Clifton  Stswabt,  Membership. 

Snow  and  Humphreys,  Madison,  Me. May     2,  1900 

Huston,  Tellinoh^st  L'Hommbdieu, 

Tacon  No.  3,  Havana,  Cuba May     2,1000 

Eenyon,  Geobok  Cecil, 

'*  Beaucoin."  West  Derby.  England April  4,  1900 

Lion,  L^on  Elix, 

In  local  charge,  Lower  Tensas  Levee  District,  j  Jan.  Feb.    1,  1898 

1010  Bnrgandy  St.,  New  Orleans,  La I  Assoc.  M.  April  4,  1900 

MooRE,  Walter  Sothobon, 

Eng.,  M.  of  W.J  0.  C.  C.  &  St.  L.  By.,  Cleveland,  Ohio. .  Mar.    7,  1900 

NiCHOLA,  Charles  Henbt,  j  Jan.  May    2,  1893 

42  Chnrch  St.,  New  Haven,  Conn i  Assoc.  M.  May     2,  1900 

BonssEAu,  Habby  Habwood, 

Civil  £Dg  ,  U.  S.  Navy,  Bnreaa  of  Yards  and  I  Jan.  Jane   6,1893 

Docks,  Navy  Department,  Washington,  D.C.I  Assoc.  M.  April  4,  1900 
Shepabd,  Hbnby  Hudson. 

Supt.,  Unadilla  Valley  By.,  New  Berlin,  N.  Y May     2,  1900 

Sherman,  Charles  Winslow, 

Asst.    Eng.,    Sudbury     Dept.,    Met.    Water- j  Jun.  Oct.    8,  1891 

Works.  3  Mt.  Vernon  St.,  Boston,  Mass (  Assoc.  M.  May   2,  1900 

Wilson,  Thobcas  William, 

Asst.  Eog  ,  Buffalo  Bailway  Co.,  Buffalo,  N.  Y April  4,  1900 


associate. 

ACKEBMAN,  EbNEST  RoBINSON, 

Pres.,  Lawrence  Cement  Co  ,   1  Broadway,  New  York 
City May     1,  1900 

JUNIOBS. 

Adams,  Baymond  Edmond, 

Becorder   in    U.   S.   Engineer  Office,   815  Witherspoon 

Bldg.,  Philadelphia.  Pa May     1,  1900 

Cbawfobd,  Joseph  Emmanuel, 

Fox  Chase,  Philadelphia,  Pa Dec.     5,  1899 

Day,  Abthub  Mobtimeb, 

31  West  66th  St ,  New  York  City May     1,  1900 

Haioht,  Horace  De  Bemer, 

Prin.  Asst.  Eng.,  Great  Northern  Portland  Cement  Co., 

Detroit,  Mich  May    1,  1900 

Mason,  Francis, 

Asst.  Eng.,  N.  Y.  C.  &  H.  R.  B.  B.,  Albany,  N.  Y April  3,  1900 

MiNOB,  Edwabd  Eastman, 

Civil  Eng.,  Office  of  A.  B.  Hill,  123  Columbus  Ave.,  New 

Haven,  Conn May     1,  1900 

Van  Pelt,  Sutton, 

Inspector,  Michigan  Lake  Superior  Power  Co.,  Sault  Ste. 
Marie,  Mich  Mar.    6,  1900 
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CHANQES  OP  ADDRESS. 


MEMBSBS. 


Allek,  Esnketh Hill,   Quick  and  Allen,  Cons.  Engrs.,  520 

Equitable  Bldg.,  Baltimore,  Md. 

Abohkb,  William Prin.  Asst.  Eng.,  B.  &  O.  S.  W.  B.  B.,  Gin- 

oinnati,  Ohio. 
Bbgslkb,  Elbbidok  Hablow  . . .  .Bichmond,  III. 

Bbll,  Alonzo  Clabxmcb 5618  Ghestntit  St.,  New  Orleans,  La. 

Bell,  Gilbbbt  Jambs  1819  Summit  St.,  Kansas  City,  Mo. 

Bolleb,  Alfbed  Pamooabt 1  Nassau  St.,  New  York  City. 

Bbown,  Balpb  Hextbt Obf.  Eng.,  Eastern  Bridge  and  Structural 

Co.,  58  Front  St.,  Worcester,  Mass. 

Clabke,  Thomas  Gubtis 1  Nassau  St.,  16th  Floor,  New  York  Gity. 

GoBTHELL,  Elmbb  Lawbbngb 1  NassEu  St.,  New  York  Gity. 

De  Witt,  Phtt.tp  Hoffbgkbb.  . . .  Asst.  Eng.,   L.   V.   B.  B.,   48  Ghurch  St, 

Bethlehem,  Pa. 

Duncxlee,  John  Butiab 35  Fair  view  Ave.,  South  Orange,  N.  J. 

Etans,  Louis  Hyde Eng.  Dept,  D.  L.  &  W.  By.,  Hoboken,  N.  J. 

FowLEB,  Ghablbs  Eyan Pres.,  Puget  Sound  Bridge  &  Dredging  Go., 

901  First  Ave.,  Seattle,  Wash. 

GiFTOBD,  Geobqe  E Eastem  Bepresentative,  The  King  Bridge 

Go.,  120  Liberty  St.,  New  York  Gity, 

Gbafton,  Ghables  Edwin Asst  Eng.,  B.  &  0.  B.  B.,  Zanesville,  Ohio. 

Hansel,  Ghables 519  Temple  Gourt,   5  Beekman    St.,  New 

York  Gity. 

Hazlehubst,  James  Nisbet.  606  Gommeroial  Place,  New  Orleans,  La. 

HoDQE,  Henbt  Wn^oN 1  Nassau  St,  New  York  Gity. 

HoTT,  William  Edwin 50  Westminster  Boad,  Bochester,  N.  Y. 

Kaufman,  Gubtate Eng.  &  Gontr. ,  1  Broadway,  Boom  286,  New- 
York  Gity. 

Kellet,  William  Datus 45  East  42d  St.,  New  York  Gity. 

Labells,  Henbt  Fbanois Bes.   Eng.,   Susquehanna   Power  &.  Paper 

Go.,  Gonowingo,  Md. 

Letebich,  Qabbiel 372  Stuyvesant  Ave.,  Brooklyn,  N.  Y. 

McYean,  John  Jay 71  State  St.,  Grand  Bapids,  Mich. 

Man,  Albon  Platt Mineral,  Louisa  Go.,  Va. 

Mabshall,  William  Louis Maj.,  Gorps  of  Engrs.,  U.  S.  A.,  Boom  H,. 

7  Army  Bldg.,  New  York  Gity. 

Mason,  Sampson  Douglas 915  North  10th  St.,  Tacoma,  Wash. 

Maxwell,  James  Biddle Newark,  Del. 

MoBSE,  Ghables  Adklbebt Bes.  Eng.,  3d  Residency  of  A.  T.  &  S.  ¥^ 

By.,  Pueblo,  Golo. 
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In  presenting  these  notes  npon  a  proposed  method  for  the  treat- 
ment of  timber  to  preserve  it  from  decay,  the  writer  fully  realizes  that 
they  may  seem  to  add  but  little  to  the  mass  of  information  already- 
collected  upon  that  important  subject;  but  the  experiments  which 
are  herein  described  and  the  direction  in  which  they  lead,  indicate  & 
line  of  improvement  in  the  preservation  of  timber  which  will  prove  of 
interest. 

So  many  figures  have  already  been  presented,  proving  the  great 
need  of  a  successful  method  of  timber  preservation  and  the  immense 
value  of  such  a  process — could  one  be  secured,  giving  practical 
results  at  a  reasonable  cost — that  the  means  by  which  this  result  may 
be  obtained  may  be  at  once  considered  without  stopping  to  prove  its 
necessity. 

The  experiments  herein  described,  and  the  lines  upon  which  the 
proposed  process  has  been  developed,  were  made,  particularly  with  a- 
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view  of  improving  what  is  at  present  known  as  the  creosoting  procesf*, 
it  being  believed  that  this  process  wonld  command  a  mnch  more  exten- 
sive nse  if  certain  mechanical  difficulties,  now  met  with  in  connection 
with  its  application  to  timber,  and  particularly  to  railroad  ties,  could 
be  removed.  The  improvement  of  this  process  was  also  attempted 
because  of  its  acknowledged  merit  when  properly  applied.  As  at 
present  applied,  it  possesses  certain  features  which  preclude  its  exten- 
sive use  in  the  treatment  of  railroad  ties.  If,  by  a  simplification  or 
improvement  of  the  process  as  now  used,  the  objections  hitherto 
raised  to  it  may  be  overcome  without  sacrificing  any  of  the  advan- 
tages which  it  possesses,  and  if,  further,  this  can  be  accomplished  at 
no  greater  cost,  the  resulting  process  would  commend  itself  to  engi- 
neers generally. 

The  of  ten-quoted  report*  of  the  Committee  of  this  Society,  presented 
in  1885,  said  in  part: 

''  If  the  exposure  is  to  be  that  of  a  railroad  tie,  creosoting  is  doubt- 
less the  most  perfect  process  to  use;  but  in  view  of  the  expense,  it 
may  be  preferable  to  use  a  cheaper  process,  dependent  somewhat  upon 
the  location. " 

It  is  probable  that  at  the  present  time  a  greater  expense  for  treat- 
ment would  be  warranted  by  the  cost  of  timber,  as  well  as  by  the  gen- 
eral conditions  of  roadbed  maintenance,  particularly  upon  eastern 
roads.  Without  here  entering  upon  a  discussion  of  the  eipense  for 
preservation  which  would  be  justified  under  given  conditions,  it 
would  perhaps  be  better  to  discuss  first  the  proposed  process  from  a 
technical  standpoint  and,  after  arriving  at  its  cost,  determine  to  what 
extent  a  process  of  a  given  cost  per  tie  could  be  used. 

The  creosoting  process  as  at  present  applied  in  one  of  the  largest, 
if  not  the  largest,  creosoting  works  in  the  world,  is  described  in  part 
as  follows  in  the  printed  publications  of  that  company: 

**  The  Bethel  process,  the  first  to  use  dead  oil  of  coal-tar,  consisted 
of  drying  the  timber  naturally,  then  applying  cold  vacuum.  This 
takes  too  long  a  time,  as  large  timbers,  to  dry  in  this  manner,  take 
from  3  to  6  months.  Consumers  of  creosoted  timber  in  this  country 
cannot  wait  for  timber  to  dry  naturally,  and  so  steam  heat  was  intro- 
duced *  *  *  to  hasten  the  process.  By  the  use  of  steam,  assisted 
by  superheating,  the  process  is  reduced  to  a  small  fraction  of  time. 
By  our  process  timber  can  be  used  fresh  from  the  stump  or  water, 
and  in  a  few  hours  the  sap  and  moisture  extracted  by  means  of  our 


*  Transactions^  Am.  Soc.  C.  E.,  Vol.  ziv,  page  390. 
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immense  steam  boilers  and  coils,  also  by  our  powerful  vacuum  pumps, 
and  be  prepared  for  impregnating  with  oil.     *     *    * 

**The  timber  is  first  loaded  on  cars  and  run  into  the  cylinders 
which  are  then  hermetically  sealed  with  immense  iron  heads.  Steam 
is  then  admitted  into  the  cylinder  and  surrounding  the  timber,  super- 
heated steam  is  also  introduced  into  the  cylinders  by  means  of  large 
coils  so  that  it  does  not  come  in  contact  with  the  timber,  and  the  heat 
is  maintained  until  the  timber  is  heated  all  through  at  a  low  tempera- 
ture so  as  not  to  injure  the  woody  fibers.  The  cylinder  is  then  freed 
of  all  vapors,  and  the  vacuum  pumps  are  put  to  work  to  exhaust  all 
the  sap  and  moisture,  which  is  then  in  the  shape  of  vapor,  from  the 
cylinder.  Heat  is  maintained  in  the  coils  to  prevent  the  vapor  from 
condensing  and  thereby  remaining  in  the  timber.  As  the  vacuum  pumps 
are  constantly  removing  the  hot  vapor  from  the  timber  it  is  absolutely 
necessary  to  keep  the  heat  above  the  condensiug  point.  To  do  this 
requires  practical  experience  and  means  of  knowing  what  such  heat 
is,  and  as  said  before,  these  two  parts  of  the  process  are  the  most  im- 
portant, and,  if  properly  done,  the  oil  will  be  readUy  forced  into  the 
timber.  After  this  has  been  done  the  oU  is  admitted  into  the  cylinders 
while  they  are  under  vacuum,  and  when  all  the  air  has  been  withdrawn 
they  are  subjected  to  pressure  until  the  requisite  amount  (which  is 
determined  by  correct  gauges  and  thermometers)  has  been  forced  into 
the  timber,  which,  if  the  timber  has  been  properly  prepared,  is  only  a 
small  part  of  the  process;  but  if  this  has  not  been  weU  done,  the  oil 
cannot  be  put  into  the  timber.  The  cells  of  healthy  timber  are  full 
of  difierent  substances,  which,  when  subjected  to  heat,  can  be  changed 
into  vapor,  and  unless  the  vapor  has  been  completely  removed  you 
cannot  force  the  oil  into  the  timber,  no  matter  how  long  the  pressure 
is  applied.  It  is  only  by  practical  knowledge  and  delicate  instruments 
that  we  determine  when  the  heat  has  reached  the  center  of  the  timber, 
and  the  vapor  there  formed  has  been  removed. 

'*  There  will  be  no  decay  in  any  part  of  the  timber  that  has  been 
permeated  with  the  oil,  but  to  have  all  parts  saturated  is  expensive 
and  useless;  for,  after  the  timber  has  been  thoroughly  treated  by  the 
heat  and  vacuum  process  it  will  last  a  long  time  without  any  oil,  and 
if  the  crevices  and  pores  are  sealed  up  with  the  oil  to  a  sufficient  depth 
the  timber  is  as  good  as  if  the  whole  part  had  been  thoroughly  per- 
meated with  the  oil.  The  quantity  of  oil  to  bo  used  should  be  deter- 
mined by  the  use  to  which  the  timber  is  to  be  subjected." 

Before  making  any  comments  upon  the  process  just  described,  the 
writer  will  give  the  reasons  for  the  decay  of  timber,  and  state  exactly 
what  steps  should  be  taken  to  prevent  this  decay.  Having  done  this, 
he  will  analyze  the  dead  oil  of  coal-tar  process  as  at  present  used,  and 
see  whether  these  necessary  steps  are  carried  out  properly. 
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There  are  two  causes  for  the  decay  of  timber.  First,  throngh  the 
fermentation  of  its  contained  sap,  snch  fermentation  being  caused  by 
the  germs  contained  or  developed  in  the  sap.  Second,  throngh  the 
introduction  of  germs  of  decay  from  without,  through  the  action  of  air 
or  water.     As  Mr.  Curtis  says:* 

*'  Ties  perish  by  mechanical  destruction  of  the  fibers  under  the 
rail;  splitting  by  seasoning  and  cutting  out  of  fiber  by  respiking;  and 
by  natural  decay.  In  its  normal  condition,  to  resist  these  three  influ- 
ences, a  timber  is  required  which  shall  have  sufficient  hardness  to  re- 
sist the  mechanical  injury,  a  high  degree  of  coherence  between 
fibers,  and  a  sap  of  such  a  chemical  composition  as  will  o£Eer  the  least 
encouragement  to  the  development  of  the  fungoid  life  which  destroys 
the  fiber." 

To  treait  a  tie  satisfactorily,  it  must  first  be  sterilized  throughout; 
removing  at  the  same  time  as  much  of  the  contained  moisture  as  is 
possible  without  injury  to  the  fiber  of  the  wood.  Fermentation  cannot 
then  take  place  from  within.  It  must  then  be  treated  in  such  a  man- 
ner that  germs  of  decay  cannot  enter  from  without,  or,  if  they  do 
enter,  that  the  conditions  for  their  development  are  highly  unfavor- 
able. It  must  further  be  provided  that  the  antiseptic  injected  will 
not  be  dissipated  through  any  agency,  and,  if  the  timber  is  to  be  sub- 
jected to  the  crushiog  e£Eect  of  heavy  railroad  traffic,  it  must  in  some 
way  be  provided  that  the  timber  so  protected  will  be  able  to  resist  the 
weights  which  will  pass  over  it,  without  excessive  crushing. 

If  a  tie  be  subjected  throughout  to  a  sterilizing  temperature  of 
212^,  the  agencies  of  fermentation  or  decay  existing  in  the  sap  will  be 
killed,  and,  if  prevented  from  again  entering  the  timber  from  without, 
decay  cannot  take  place.  This  leads  to  the  first  important  conclusion ; 
namely,  that  complete  sterilization  throughout  is  a  necessity  in  the 
treatment  of  timber.  Without  such  sterilization  no  form  of  treatment 
can  be  satisfactory  unless  the  timber  be  completely  impregnated 
throughout  its  entire  mass  with  an  antiseptic  material,  which  is  rarely 
if  ever  accomplished  with  large  timber.  Such  sterilization  means 
fully  212^  at  the  heart  of  the  stick.  Wood  is  a  poor  conductor  of 
heat,  and,  to  secure  212^  or  more  at  the  heart,  two  ways  are  open: 
First,  long  exposure  to  a  temperature  of  say  215  to  226^  Fahr. ,  which 
is  expensive  because  of  the  time  consumed;  second,  exposure  to  a  tem- 
perature of  290  to  300<5  Fahr. ,  which,  under  ordinary  conditions,  will 
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injure  the  fiber  of  the  ^ood,  or  at  least  indnce  exteDeiye  splitting  or 
cracking.  The  necessity  for  sterilizing  is  not  brought  out  in  the  de- 
scription of  the  creosoting  process  previously  given,  and  it  seems  to 
be  a  point,  the  vital  nature  of  which  is  not  generally  recognized.  Ex- 
periments made  upon  yellow  pine  ties,  6  ins.  x  8  ins.  x  8^  ft.,  having 
self-registering  thermometers  imbedded  at  the  heart  by  means  of  an 
auger  hole,  24  ins.  deep,  bored  from  the  end,  showed  that  with  a  tem- 
perature of  230^  Fahr.  in  the  cylinder,  and  at  the  surface  of  the  tie, 
178°  Fahr.  was  secured  at  the  center  in  two  hours,  while  with  290°  Fahr. 
at  the  outside,  249^  Fahr.  was  secured  in  two  hours.  Starting  with 
sterilization  as  an  absolute  necessity,  it  is  evident  that,  if  such  a 
temperature  as  290°  can  be  used  without  injury  to  the  timber,  com- 
plete sterilization  will  be  e£Eected,  and  in  a  reasonably  short  time.  It 
would  be  well  to  state  here  that,  with  a  few  exceptions,  the  experi- 
ments were  made  on  long-leaf  yellow  pine  of  the  best  merchantable 
grade,  the  exceptions  being  several  experiments  upon  white  oak 
timber,  which  showed  that  it  is  not  capable  of  treatment  by  such  a 
process,  owing  to  its  great  tendency  to  split  and  crack  under  high 
temperatures. 

The  method  adopted  to  render  the  use  of  such  high  temperatures 
possible  in  the  treatment  of  yellow  pine  is  the  application  of  pressure 
simultaneously  with  the  application  of  heat.  When  the  doors  are 
closed  the  heat  is  raised  to  215^  Fahr.  without  pressure,  taking  one 
hour  to  accomplish  this,  and  kept  for  one  hour  at  215^  without  press- 
ure. This  is  for  the  purpose  of  getting  rid  of  the  moisture.  Then 
the  heat  is  increased,  pressure  is  applied,  and  both  are  raised  gradu- 
ally, to  avoid  injury  to  the  fiber,  for  two  hours,  until  the  heat  has 
reached  about  285^  and  the  pressure  about  90  lbs.,  and  both  are  held 
there  for  one  hour.  The  heat  is  then  shut  off,  and  the  tanks  are 
allowed  to  cool  gradually  for  one  hour.  At  the  end  of  this  time  the 
heat  is  reduced  to  250^  and  the  pressure  to  about  40  lbs.  The  pressure 
is  then  blown  off  and  the  heat  still  further  reduced.  Vacuum  is  then 
applied  until  about  26  ins.  is  reached^  and  while  under  vacuum  the 
mixture  is  run  into  the  cylinder  at  a  temperature  of  175  to  200^  and 
hydraulic  pressure  applied  reaching  200  lbs.  per  square  inch,  and  kept 
at  this  point  until  the  desired  amount  of  the  mixture  is  absorbed.  The 
liquid  is  then  run  off,  and  the  wood  is  placed  in  another  cylinder,  and 
milk  of  lime  at  a  temperature  of  about  150^,  is  run  in,  and  hydraulic 
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pressme  of  about  200  lbs.  is  applied  for  from  one-half  to  one  honr. 
The  following  is  a  condensed  table  of  the  treatment: 

1  honr  to  reach 215^  Fahr. 

1  hour  under 215        ** 

2  hours  (heat  and  pressure  applied  gradually) 

to  reach 285        " 

1  hour  (90  lbs.  pressure)  at 285        ** 

1  hour  cooling. 

1  hour  vacuum  (26  ins.). 

i  hour  filling  cylinders  with  mixture. 

3  hours  pressure  (average  8  to  10  lbs.  absorption). 
i  hour  emptying  tanks. 

1  hour  under  lime  and  pressure  treatment. 

The  time  will  be  increased  or  decreased,  in  keeping  with  the  amoxmt 
of  absorption  required. 

The  treatment  of  '* green"  lumber  herein  mentioned  consists  of 
simply  putting  the  lumber  in  the  cylinders  and  raising  the  heat  to 
about  the  temperature  of  the  liquid — say  200^ — and  then  running  the 
liquid  in  and  keeping  it  there  from  3  to  4  hours.  Of  course,  this  does 
not  sterilize  it  or  give  as  good  absorption. 

After  the  preliminary  treatment,  the  temperature  of  the  interior  of 
the  cylinder  is  raised  to  285  or  290^  Fahr.  If  this  temperature  were 
maintained  at  atmospheric  pressure,  not  only  would  the  sudden  and 
rapid  evaporation  of  the  remaining  moisture  in  the  stick  induce 
splitting  and  cracking,  but  the  volatile  oils  in  the  wood  would  be 
driven  off,  and  this  is  not  desirable,  inasmuch  as  they  play  a  not  unim- 
portant part  in  the  preservation  of  the  timber.  Air  pressure  is  there- 
fore maintained  in  the  closed  cylinder  at  about  80  to  90  lbs.  per  square 
inch,  so  that  while  the  tie  is  sterilized  by  heat,  the  natural  oils  are  not 
driven  off,  and  splitting  and  cracking  does  not  result,  while  the  heat 
is  at  the  maximum. 

One  of  the  benefits  of  the  vacuum  is  to  exhaust  the  air  which  has 
been  forced  in  while  the  wood  was  under  pressure,  and  which,  if  not 
removed,  would  have  to  find  its  way  out  subsequently  either  through 
the  mixture  or  by  creating  cracks. 

Mr.  J.  W.  Putnam,  in  a  letter  to  Octave  Ghanute,  M.  Am.  Soc.  G.  £., 
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Chairman  of  the  Committee  on  the  Preservation  of  Timber,  in 
1885,  wrote  as  follows:* 

*'  The  most  carefully  conducted  experiments  indicate  that  there  is 
no  decay  without  fermentation,  and  no  fermentation  without  germs. 
If  a  piece  of  timber  be  cut  green  and  thoroughly  coated  with  paint,  it 
will  soon  be  destroyed  by  what  is  called  dry  rot.  If  a  similar  piece  be 
heated  through  to  225^  Fahr. ,  and  a  sufficient  amount  of  oil  be  forced 
in  to  form  an  impervious  coating,  no  decay  will  take  place  until  that 
coating  is  broken. " 

This  not  only  evidences  the  necessity  of  complete  and  thorough  ster- 
ilization, but  brings  us  to  the  next  step  in  the  process,  the  impregna- 
tion of  the  timber  with  the  antiseptic  material.  Having  thoroughly 
sterilized  the  tie,  the  natural  continuance  of  the  process  is,  of  course^ 
the  application  of  the  vacuum,  to  remove  from  the  pores  of  the  timber 
the  air  or  vapor  which  they  contain  and  admit  the  preservative  fluid 
under  this  vacuum. 

The  preservative  fluid  used  is  not  creosote,  or  dead  oil  of  tar  alone» 
but  consists  of  dead  oil  of  coal-tar,  385^;  formaldehyde,  2%;  and  melted 
resin,  60%,  by  weight.  The  specific  gravity  of  the  resulting  mixture 
at  300^  Fahr.  is  1.068.  The  resin  is  used  to  render  the  mixture  abso- 
lutely waterproof,  the  formaldehyde  to  strengthen  the  antiseptic 
nature  of  the  compound,  necessarily  somewhat  reduced  by  the  reduc- 
tion in  percentage  of  the  dead  oil  itself.  Upon  this  point  the  follow- 
ing extractsf  from  a  letter  by  Mr.  Edward  R.  Andrews  to  Mr.  Chanute 
will  be  of  interest: 

*'  Creosote  oil  is  a  distillate  of  coal  tar — a  residual  product  in  the 
manufacture  of  coal  gas.  Chemists  have  procured  from  coal  tar  a  vast 
number  of  sub-products  and  combinations  of  great  usefulness  in 
dyeing,  etc.  The  three  principal  coarse  products  of  coal  tar  are  the 
light  oils,  the  heavy  oils  and  pitch,  all  the  results  of  distillation. 

*'The  light  oils  (lighter  than  water)  evolve  in  the  distillation  at  a 
temperature  of  360  to  480^  Fahr.  From  these  all  the  aniline  colors 
are  made.  They  are  expensive  and  have  no  value  whatever  in  wood 
preservation.  The  heavy  oils  (heavier  than  water)  are  distilled  at  a 
temperature  of  from  480  to  760°  Fahr.  These  are  the  so-caUed  creosote 
oils,  and  contain  all  the  constituents  of  the  coal  tar  useful  in  wood 
preservation.  After  the  creosote  comes  the  pitch.  Creosote  contains 
about  5%  of  tar  acids,  i.  e. ,  carbolic,  cresylic  and  other  acids,  but  the 
bulk  is  made  up  of  semi-solid  oils  and  naphthaline. 

•  Transactions,  Am,  Soc.  C.  E.,  Vol.  riv,  1885,  p.  887. 

t  TransactUms,  Am.  Soc.  C.  E.,  Vol.  xiv,  Appendix  No.  14,  p.  841. 
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**Wood  preservation  by  the  metallic  salt  processes  is  solely 
chemical.  Earlier,  it  was  claimed  that  the  zinc  chloride,  etc.,  formed 
insoluble  chemical  combinations  with  the  albumen  contained  in  the 
sap  wood.  No^,  it  is  generally  allowed  that  no  such  combinations  are 
formed,  but  that  the  value  of  metallic  salts  as  antiseptics  depends 
upon  their  continual  presence  in  the  woods,  and  as  they  are  readily 
dissolved  out  of  the  wood  their  e£Eect  is  only  temporary.  The  life  of 
wood  is  prolonged  by  their  use,  when  skillfully  applied,  yet  in  moist 
places  they  quickly  lose  their  efficacy. 

' '  The  creosoting  process  is  both  chemical  and  mechanical.  Besides 
the  carbolic  and  other  acids,  it  contains  many  other  well- recognized 
antiseptic  constituents;  but  it  is  probable  that  the  very  long  life  of 
timber  secured  by  thorough  creosoting  is  due  far  more  to  the  fact 
that  the  pores  of  the  wood  are  filled  up  with  the  thick,  gummy, 
insoluble  oils  and  naphthaline,  and  thus  keep  out  air  and  water, 
which  contain  the  germs  of  decay.  That  such  is  the  case  was  con- 
clusively shown  by  M.  Eoltier,  a  Belgian  chemist,  and  later,  in  1866, 
by  M.  Charles  Coisne,  Chief  of  Section  of  the  State  Railways  of 
Belgium,  and  Superintendent  of  the  Creosoting  Works. 

**By  the  latter,  two  series  of  experiments  were  tried,  during  a 
period  of  five  or  six  years,  in  burying  in  a  compost  heap  made  of 
decaying  wood,  manure,  etc.,  shavings  impregnated  with  creosotes 
containing  different  percentages  of  carbolic  acid.  The  results  showed 
that  shavings  saturated  with  carbolic  acid  alone  were  entirely  decayed, 
and  those  saturated  with  the  distillates  at  the  highest  temperatures 
which  contained  no  carbolic  acid  whatevQj*  were  perfectly  sound. 

**  Experience  with  the  metallic  salts  and  the  results  of  above 
experiments  indicate  that  to  preserve  timber  something  more  is 
required  than  an  antiseptic  for  the  purpose  of  coagulating  the 
albumen.  The  very  small  percentage  of  albumen  contained  in  the 
sap  wood  probably  ferments  readily  and  may  originate  decay;  but 
the  agencies  of  fermentation  introduced  into  exposed  timber  by  the 
air  and  water  absorbed  by  the  wood  are  vastly  more  dangerous  than 
the  seeds  of  decay  contained  originally  in  the  wood  itself. 

**  During  the  past  hundred  years  almost  every  imaginable  sub- 
stance has  been  proposed  as  a  preservative  of  wood,  yet  it  may  be 
that  inventors  are  still  at  work,  if  so,  their  attention  would  be  best 
directed  to  such  methods  or  materials  as  would  close  the  pores  of 
wood  to  air  and  water." 

This  would  indicate  that  creosote  is  more  valuable  because  of  its 
function  in  filling  the  pores  of  the  wood  and  excluding  air  or  moisture 
containing  germs  of  decay  than  because  of  its  direct  antiseptic  action. 
To  a  considerable  extent,  this  is  doubtless  true,  but  the  writer  thinks 
that  the  ideal  preservative  should  be  both  antiseptic  and  waterproof. 
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and  should  possess  the  latter  charaoteristio  in  the  highest  obtainable 
degree.  To  secure  such  a  material  was  the  chief  object  of  the  experi- 
msnts  whioh  resulted  in  the  process  herein  described,  and  the  com- 
pound finally  fixed  upon  consists  of  approximately  SSJf  by  weight  of 
dead  oil  of  coal-tar,  G0%  of  melted  resin  and  2%  of  formaldehyde. 
The  idea  of  introducing  the  resin  was  to  obtain  a  substance  in  the 
highest  degree  waterproof,  and  there  are  few  substances  known  more 
highly  waterproof  than  pine  resin. 

This  mixture  is  perfectly  fluid  at  300°  Fahr.,  and,  by  some  pecu- 
liar action  not  readily  explainable,  seems  to  be  more  readily  forced  into 
the  wood  than  the  creosote  oil  alone.  There  are  a  number  of  very  im- 
portant advantages  gained  by  the  use  of  the  resin  in  connection  with  the 
dead  oil.  Timber  treated  by  the  ordinary  creosoting  process  is  more  or 
less  spongy  and  soft,  and  while  the  dead  oil  is  not  generally  regarded  as 
soluble,  it  is  still  subject  to  dissipation  by  the  action  of  water,  as  is  well 
known  in  the  case  of  treated  piles  subject  to  the  washing  action  of  salt 
water.  Experiments  made  by  imtaersing  in  water  timber  untreated 
and  treated  by  the  process  just  described,  showed  results  as  follows: 

One  piece  creo-resin  timber,  6  ins.  x  8  ins.  x  8  ft.,  immersed  in  water 
27  days,  absorption  If  lbs.  One  piece,  same  stick  as  above,  untreated, 
absorption  11^  lbs.  The  increase  in  weight  of  the  first  stick  was  largely 
due  to  water  clinging  to  th^  surface. 

Timber  treated  with  dead  oil  in  conjunction  with  resin  is  practically 
absolutely  waterproof  and  very  much  harder  than  the  untreated 
timber,  instead  of  being  softer  and  more  spongy,  as  is  the  case  with 
creosoting  proper.  The  introduction  of  bacteria  from  without  should 
be  prevented  by  a  process  as  highly  waterproof  as  it  is  possible  to 
make  it,  and  this  process  should  use  a  material  which  will  not  only 
have  these  waterproof  qualities,  but  will  be  so  antiseptic  in  nature  that 
the  possibility  of  the  existence  or  development  of  decay  germs,  if  such 
germs  by  any  means  gain  an  entrance  into  the  timber,  should  be  reduced 
to  a  minimum.  In  fact,  the  conditions  should  be  such  as  to  absolutely 
preclude  any  possibility  of  their  life  or  development.  To  secure  these 
results,  the  combination  of  resin,  creosote  oil  and  formaldehyde  is 
especially  well  adapted.    The  material  weighs  about  8. 9  lbs.  per  gallon. 

Experiments  were  made  upon  pine  ties  cut  in  two,  one  half  vulcan- 
ized, the  other  half  not  vulcanized.  The  results  are  given  in  Table 
No.  1,  and  show  the  difference  in  absorption. 
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TABLE  No.  1. 


No. 

Mazlmiim 

Pressure 

Pounds  per 

Heat. 

in  Lbs. 

cubic  foot. 

18  C. 

Qr«>en. 

a8b» 

90 

8.88 

18  C. 

Vulcaolzed. 

285° 

go 

6.6 

16 

Qreen. 

2760 

80 

7.14 

16 

Vulcanized. 

27B» 

80 

10.06 

17 

Oreen. 

286° 

85 

8.48 

17 

Vulcanised. 

285° 

86 

6.18 

18 

Green. 

270O 

80 

6.75 

18 

Vulcanized. 

2?0« 

80 

9.45 

82 

Oreen. 

grs* 

go 

5.28 

22 

Vulcanized. 

276» 

90 

7.9 

These  specimeDS  were  treated  with  various  degrees  of  heat  and 
pressure,  with  and  without  vacuum,  and  in  all  cases  they  showed  an 
increased  absorption  in  the  vulcanized  over  the  un vulcanized  timber. 

Other  experiments  were  made  upon  ties,  6  ins.  x  8  ins.  x  8  ft.,  of  long- 
leaf  yellow  pine,  cut  into  three  pieces,  two. of  which  were  treated  and 
the  third  left  untreated.  The  results  are  shown  in  Table  No.  2,  the 
treated  samples,  1  and  1-A,  2  and  2- A,  etc.,  being  the  two  pieces  from 

the  same  stick. 

TABLE  No.  2. 


Absorption  pkr  cx:bic  foot, 
IK  pounds. 

Absorption  per  oubio  foot, 
in  pounds. 

Above 
10  lbs. 

Bet.  8  and 
10  lbs. 

Below 

8  lbs. 

Above 
10  lbs. 

Bet.  8  and 
10  lbs. 

Below 
8  lbs. 

1 

10.68 
10.18 
10.12 
10.28 

14 

14-A 

15 

15-A 

16 

16-A 

17 

18.5 

14.62 

15.18 

15.74 

16.81 

13.5 

1-A 



2 

8_A 

• 

8 

9 
9 

a-A 

4 

7.87 

7.87 

7.8 

7.8 

5.02 

6.62 

9.66 
9 

8.48 
8.48 

4_A 

17-A. 



5 

18 

5-A 

18-A 

e. ::.::: 

19 

1»-A 

20 

15.18 
15.18 

6-A 

7 

11.18 
18.5 
12.96 
14.62 

7.87 

7-A 

20-A, 

9 

8 

::::*::::;:::j:::::::::  1 

2J 

22-A 

28 

2S-A. 

24 

24- A. 

25 

18.5 

14.62 

16.81 

16.87 

12.92 

11.81 

8- A 

9 

7.87 
6.75 
6.76 
6.75 

^A 

10 1 

lO-A 1 

Il 1 

9.50 

9 
9.50 

11-A. 1 

7.87 

26- A 

18 

12.98 

18.6 

.12.87 

11.81 

26 

26-A 

18.5 
16.87 

12-A. 

;::;;•■;;:•;;•"•; 

18 

1 

18-A. 

1 

1 
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As  regards  the  spongy  condition  of  the  wood,  after  treatment  by 
the  oreosoting  process,  an  inspection  of  timber  treated  by  the  pro- 
posed process  readily  demonstrates  that  the  timber  is  not  in  any  way 
softened.  The  surface  is  subjected  to  treatment  by  the  application  of 
milk  of  lime  after  the  creosote-resin  has  been  injected.  This  tends 
to  solidify  the  mixture  of  resin  and  creosote  oil.  Solidiiication  to 
a  point  of  brittleness  is  not  effected,  but  solidification  is  effected  to 
such  a  degree  that  the  resulting  surface  of  the  wood  is  materially 
harder  than  that  of  untreated  timber,  instead  of  being  softer,  as  is  the 
case  with  creosoted  timber.  The  writer  has  made  tentative  experi- 
ments to  prove  this  hardening  effect  by  striking  treated  and  untreated 
sections  of  the  same  tie  with  a  hammer.  The  greater  density  and  hard- 
ness of  the  surface  of  the  creosote-resin  tie  (about  50%  increase  in  den- 
sity near  the  surface)  being  readily  apparent  from  the  way  in  which  it 
resists  crushing  under  the  hammer,  the  force  of  the  blow  causing  the 
hammer  to  rebound  from  its  surface  instead  of  sinking  in  and  crush- 
ing the  fiber,  as  was  the  case  with  the  untreated  portion  of  th^  same  tie. 

Obviously,  if  it  were  commercially  practicable  to  impregnate  a 
railroad  tie,  of,  say,  long-leaf  yellow  pine,  throughout  its  mass  with 
creosote  oil,  no  decay  would  take  place  in  the  timber  so  long  as  the- 
oil  remained  in  it.  But  such  a  treatment  is  impracticable,  both 
because  of  its  cost,  and  of  the  mechanical  difficulties  attending  it. 
We  therefore  are  obliged  to  fall  back  upon  the  plan  outlined  by  Mr. 
Putnam  in  the  letter  previously  quoted,  namely,  to  secure  complete- 
sterilization,  and  to  then  inject  sufficient  of  the  preservative  to  effectu- 
ally protect  the  remainder  of  the  stick.  This  may  be  done  by  the  injec- 
tion of  8  to  10  lbs.  per  cubic  foot  in  a  standard-sized  tie,  8  lbs., 
giving  a  penetration  averaging  at  the  center  of  the  tie  about  f  to  f  in., 
and  10  lbs.,  I  in.  to  1^  ins.  at  the  center,  with  from  6  to  8  ins.  inward 
from  the  ends  of  the  stick  in  each  case. 

A  tie  treated  by  the  above  process  with,  say,  10  lbs.  of  preservative 
per  cubic  foot  possesses  these  advantages:  It  is  thoroughly  sterilized — 
a  result  not  generally  secured  by  the  creosoting  process;  the  outer 
fibers  of  the  wood  are  filled  with  a  material  more  highly  antiseptic 
than  dead  oil  of  coal-tar,  practically  water-proof,  and,  when  hard,  con* 
siderably  better  able  to  resist  crushing  or  cutting  than  is  either  the 
untreated  or  the  creosoted  timber.  In  fact,  the  spongy 'nature  of 
creosoted  timber,  especially  as  the  timber  usually  chosen  for  creosot- 
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ing  is  naturally  soft,  has  been  one  reason  why  creosoted  timber  has 
not  been  more  extensively  nsed  under  heavy  traffic.  The  experience 
of  the  Lehigh  Valley  Bailroad  was  along  this  line.  A  tie  treated  by 
the  process  in  question  also  possesses  much  higher  spike-holding 
qualities — considerably  higher  than  the  untreated  stick. 

The  writer  has  confined  these  remarks  particularly  ^to  the  subject  . 
of  railroad  ties;  but  it  should  not  be  overlooked  that  a  large  part  of 
the  business  done  by  the  creosoting  works  at  present  is  upon  piles  and 
dock  timbers;  and  the  failure  of  such  timbers  when  attacked  by  the 
teredo  is  invariable  due  to  the  washing  out  of  the  creosote  oU  by  the 
action  of  the  salt  water.  It  would  therefore  be  readily  practicable  to 
creosote  piles,  giving  them  either  at  the  same  time,  or  subsequently, 
a  resin  treatment  to  absolutely  retain  the  creosote  in  the  wood,  and 
therefore  the  chief  objection  to  creosoted  piling  would  be  at  once 
removed. 

The  question  of  wooden  paving  blocks  is  also  one  having,  in  the 
writer's  opinion,  great  possibilities.  Wooden  paving  blocks,  creo- 
soted, are  in  extensive  use  in  London  and  continental  cities,  and 
have  given  very  favorable  results  in  this  country  wherever  properly 
used.  If  we  add  to  the  preservative  effect  obtained  by  the  creosote 
oil  the  additional  and  most  important  benefit  of  so  hardening  the  fibers 
of  the  wood  that  its  resistance  to  wear  is  materially  increased,  we  have 
realized  a  most  material  gain  in  the  treatment  of  such  blocks.  In  fact, 
if  a  treated  pine  paving  block,  protected  against  decay  by  dead  oil  of 
coal-tar,  impervious  to  moisture  and  having  considerably  greater  den- 
sity and  resistance  to  abrasion  than  either  the  creosoted  or  untreated 
timber,  can  be  laid  at  a  cost  not  greater  than  that  at  present  charged 
for  asphalt,  it  is  the  writer's  opinion  that  such  a  pavement  will  possess 
all  the  advantages  which  asphalt  possesses,  and  will  be  at  the  same 
time  both  noiseless  and  not  slippery;  thus  removing  two  of  the  gravest 
objections  to  asphalt  pavement.  The  writer  thinks  that  such  a  pave- 
ment would  have  a  longer  serviceable  life  than  asphalt — at  least  such 
as  is  generally  laid — and  on  streets  of  a  certain  class  be  exceedingly 
desirable. 

To  revert  once  more  to  the  question  of  tie  preservation:  With 
creosoting,  as  well  as  with  the  proposed  improved  process,  the  amount 
of  impregnation  per  cubic  foot  is  regulated  by  the  specifications  under 
which  the  work  is  done.     For  railroad  ties  the  general  practice  is  about 
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10  lbs.  Whether  pare  creosote  or  creosote  and  resin  are  used,  this 
specification  gives  a  depth  of  penetration  at  the  center  of  the  tie 
averaging  nearly  1  in.,  and  at  the  ends  of  the  tie  a  complete  penetration 
from  the  end  of  the  tie  of  from  8  to  10  ins.  Both  with  creosoting  and 
with  this  process,  the  depth  of  penetration  depends  not  only  upon  the 
amount  of  material  injected  per  cubic  foot,  but  also  upon  the  nature 
of  the  timber  and  upon  the  individual  qualities  of  different  sticks  of 
the  same  kind  of  timber.  The  writer  has  suggested  as  a  possible  dis- 
advantage to  such  processes — whether  creosoting  or  improved  creosot- 
ing— the  likelihood  of  the  splitting  of  the  tie  taking  place  after  treat- 
ment, thus  allowing  the  introduction  of  germs  into  the  heart  of  the 
stick.  A  careful  examination  and  sawing  of  some  fifteen  to  twenty 
ties,  treated  for  periods  extending  up  to  6  months,  has  shown  no 
instance  in  which  new  cracks  had  opened  in  the  timber  and  extended 
beyond  the  treated  portion  of  the  tie.  Should  this  be  the  case  after 
several  years'  service,  the  writer  believes  it  to  be  true  that  the  vulcan- 
ized heart  of  the  tie  treated  by  the  improved  process  would  better 
resist  the  action  of  decay  than  the  untreated  and  unsterilized  heart  of 
the  creosoted  timber. 

Further,  it  seems  probable  that  water  containing  germs  would  to 
some  extent  get  rid  of  such  germs  in  passing  through  that  portion  of 
the  timber  which  is  antiseptic  in  its  action.  The  results  obtained  with 
creosoted  timber  up  to  the  present  time  do  not  indicate  that  such 
cracking  or  splitting,  and  consequent  decay,  are  among  the  serious 
defects  of  the  creosoting  process.  It  seems  reasonable  to  conclude 
that  a  tie  which  has  been  subjected  to  the  continued  high  sterilizing 
temperature  has  developed  splits  in  those  weak  portions  where  splits 
would  otherwise  have  taken  place  under  natural  conditions,  and  these 
splits  or  cracks,  developed  in  the  earlier  steps  of  the  process,  are  filled 
with  the  antiseptic  and  waterproof  material  during  the  later  stages, 
thereby  excluding  permanently  both  air  and  water. 
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The  Office  of  Experiment  StatioDs  of  the  United  States  Department 
of  Agriculture  is  now  engaged  in  a  comprehensive  study  of  the 
methods  of  distributing  and  using  water  in  irrigation.  The  results  of 
these  studies  for  1899  have  been  compiled,  and  will  shortly  be  pub- 
lished by  the  Department.  Some  of  the  methods  used  in  these  inves- 
tigations, and  the  results  of  the  measurements  to  determine  the  losses 
from  seepage  and  evaporation  in  canals  and  the  duty  of  water  utilized 
have  been  extracted  from  the  report  and  are  presented  in  this  paper. 

The  investigations  described  deal  with  problems  which  sorely 
perplex  the  irrigators  and  canal  builders  of  the  arid  West.  Their  com- 
prehensive study  is  a  new  feature  of  national  aid  to  irrigation  develop- 
ment in  this  country.  Heretofore,  the  leading  object  of  such  aid  has 
been  to  promote  the  construction  of  new  canals,  to  show  how  much 
land  there  was  above  existing  ditches  which  could  be  reclaimed,  and 
the  benefits  which  would  come  from  such  reclamation.  It  is  believed 
that  this  investigation  will  tend  to  secure  these  ends,  but  its  primary 

Note.— These  papers  are  issued  before  the  date  set  for  presentation  and  discussion. 
Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting,  and  may  be 
sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will  be  published  in  a 
sutMequent  number  of  Proceedings,  and,  when  finally  dosed,  the  papers  with  disctission 
in  full  will  be  published  in  Transactions, 
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purpose  is  to  promote  the  welfare  of  the  people  liviDg  below  the 
ditches  already  built,  to  render  the  farms  now  irrigated  more  profit- 
able, to  lessen  the  controversies  over  the  distribution  of  water  and 
secure  its  more  systematic  and  economical  use. 

It  is  the  opinion  of  those  best  informed  that  a  better  understanding 
of  the  existing  situation  must  be  had  before  we  can  wisely  plan  ior 
future  development.  Controversies  over  the  use  of  streams  should  be 
ended  before  an  attempt  is  made  to  greatly  augment  such  use.  The 
claims  to  water,  for  existing  and  prospective  ditches  on  many  streams, 
amount  in  the  aggregate  to  many  times  the  supply.  The  character 
and  extent  of  the  rights  now  vested  must  determine  what  is  to  be  done 
in  the  future.  In  the  pioneer  stages  of  western  irrigation,  the  import- 
ance of  these  questions  was  lost  sight  of.  The  owners  of  the  earlier 
ditches  from  a  river  did  not  need  to  consider  how  much  water  was  used 
or  how  much  was  wasted,  since  neither  had  as  yet  made  any  serious 
reduction  in  the  supply.  Every  transaction  which  had  to  do  with  the 
disposal  of  streams  was  marked  by  a  lavish  prodigality.  Ditches 
diverted  more  water  than  was  used;  their  owners  claimed  more  than 
they  could  divert,  while  decrees  gave  appropriators  titles  to  more 
water  than  ditches  could  carry  and  many  times  what  the  highest  flood 
could  supply.  Little  was  known  of  the  Quantity  of  water  needed  to 
irrigate  an  acre  of  land,  and  in  the  absence  of  such  information  the 
ignorance  and  greed  of  the  speculative  appropriator  had  its  oppor- 
tunity. 

The  contracts  which  control  the  distribution  of  water  from  canals 
were  framed  by  people  to  whom  the  whole  subject  of  irrigation  was 
strange  and  new.  It  often  happens,  therefore,  that  they  do  not 
promote  the  best  interests  of  canal  companies  or  meet  the  necessities 
of  users.  The  laws  which  govern  appropriations  of  water  from 
streams  have  in  most  cases  no  relation  to  the  actual  practice  of  irri- 
gators, and,  therefore,  fail  to  secure  either  the  systematic  distribution 
or  best  use  of  the  available  supply. 

Before  the  period  of  crude  structures  and  still  cruder  ideas  had 
ended,  it  began  to  be  manifest  that  the  reclamation  of  arid  lands 
involved  more  than  the  overcoming  of  physical  obstacles.  It  has  been 
found  easier  to  dig  ditches  than  to  distribute  the  water  they  carry,  and 
to  plan  headgates  and  flumes  than  to  frame  just  laws  for  establishing 
titles  to  water  or  dividing  rivei^  among  rival  claimants. 


Digitized 


byGoogk 


I*ap««-1  kEAD  OK  IBBIGATIOK.  667 

The  many  thonsandB  of  miles  of  canals  and  laterals  in  the  irrigated 
regions  of  the  United  States  have  reclaimed  an  area  approximately  as 
great  as  the  State  of  New  York,  every  acre  and  almost  every  square  foot 
of  which  has  to  be  artificially  moistened  from  one  to  ten  times  each 
year.  Dnring  the  growing  season  this  requires  the  services  of  an 
army  of  men  to  protect  and  regnlate  headgates,  patrol  the  banks  of 
canals  and  adjust  the  measuring  boxes  of  users.  The  success  or 
failure  of  these  canals  is  a  matter  of  more  than  local  interest.  Much 
of  the  money  expended  in  their  construction  came  from  the  East. 
The  small  savings  of  thousands  of  thrifty  New  England  people  have 
been  invested  in  stocks  and  bonds  of  irrigation  comjMknies,  a  single 
agency  in  Colorado  having  invested  915  000  000  in  this  class  of  securi- 
ties for  these  customers.  The  failure  of  a  canal  company  to  find  cus- 
tomers for  the  water  carried,  or  to  obtain  water  for  the  customers  it 
has,  affects  many  others  besides  the  water  user.  His  is  the  immediate 
loss,  but  sooner  or  later  the  holder  of  the  stocks  or  bonds  of  the  canal 
company  finds  that  he,  too,  is  suffering  through  delayed  or  defaulted 
interest  payments.  The  justice  and  efficiency  with  which  the  stream 
is  divided,  and  the  economy  with  which  the  water  is  used,  may 
augment  or  reduce  the  incomes  of  many  thousands  of  eastern  as  well 
as  western  homes. 

The  DisTBiBunoN  of  Water  Among  Usebs. 

Traffic  in  water  is  carried  on  under  many  peculiar  and  perplexing 
conditions.  No  matter  from  what  source  the  supply  is  received, 
whether  it  is  stored  in  reservoirs,  pumped  from  wells  or  taken  from 
rivers,  the  distribution  of  water  in  irrigation  is  subject  to  unending 
uncertainties.  Streams  rise  and  fall  with  every  passing  cloud.  The 
torrent  of  to-day  may  be  a  dry  channel  a  month  hence.  Wells  which 
cannot  be  exhausted  in  April  are  often  empty  in  June.  Even  after 
water  has  passed  the  headgate  and  is  safe  from  outside  interference,  the 
waste  and  loss  continue.  It  disappears  through  the  bottom  of  the 
canal  by  seepage,  and  into  the  air  by  evaporation.  The  same  vicissi- 
tude attends  its  use.  As  much  water  may  escape  from  the  lower  side 
of  the  field  of  a  careless  irrigator  as  sinks  into  the  soil.  The  waste 
from  badly  built  laterals  or  poorly  prepared  fields  does  much  to  limit 
the  acres  which  a  canal  can  serve,  and  hence  the  income  it  can  be  made 
to  yield. 
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This  commerce  in  water  has  been  created  by  men  bom  and  reared 
in  regions  of  ample  rainfall,  and  without  prior  training  or  experience 
in  dealing  with  the  problems  of  irrigation.  Thej  had  to  leam  by  trial 
how  to  frame  satisfactory  contracts  for  the  disposal  of  water  from 
canals,  and  how  to  nse  that  water  properly  when  delivered.  From  the 
constmction  of  the  first  small  furrows  in  Utah  and  Calif omia  np  to  the 
present,  the  growth  in  acres  irrigated  has  been  accompanied  by  an 
equally  important  eyolution  in  methods.  The  fixing  of  a  unit  of 
measure  to  be  used  in  delivering  water  to  users  will  serve  to  illustrate 
this.  It  could  not  be  sold  by  the  pound  or  by  the  ton,  nor  were  there 
any  devices  at  hand  for  its  measurement  or  delivery  by  the  gallon,. 
Farmers  were  at  a  loss  to  know  how  much  to  buy,  and  canal  companies 
as  ignorant  of  how  much  they  could  sell  or  how  to  measure  it  when 
sold. 

The  Units  op  VoijUme  Used  in  Measubino  Water. 

The  *'  Inch." — In  a  number  of  the  arid  states  placer  mining  was  an 
important  industry  before  irrigation  began.  Miners,  in  measuring 
water,  used  the  **inch.**  This  is  the  volume  which  will  flow  through 
an  inch-square  orifice  under  a  uniform  and  designated  pressure.  Later, 
the  pressure  to  be  used,  and  the  manner  in  which  the  size  of  the  orifice 
was  to  be  increased  or  diminished,  was,  in  a  number  of  states,  fixed  by 
law. 

'*  Water  sold  by  the  inch  by  any  individual  or  corporation  shall  be 
measured  as  follows,  to  wit :  Every  inch  shall  be  considered  equal  to 
an  inch-square  orifice  under  a  5-in.  pressure,  and  a  5-in.  pressure  shall 
be  from  the  top  of  the  orifice  of  the  box  put  into  the  banks  of  the  ditch 
to  the  surface  of  the  water;  said  boxes  or  any  slot  or  aperture  through 
which  such  water  shall  be  measured  shall  in  all  cases  be  6  ins.,  perpen- 
dicular, inside  measurement,  except  boxes  delivering  less  than  12  ins., 
which  may  be  square,  with  or  without  slides ;  all  slides  for  the  same 
shall  move  horizontally,  and  not  otherwise;  and  said  box  put  into  the 
banks  of  ditch  shall  have  a  descending  grade  from  the  water  in  ditch 
of  not  less  than  one-eighth  of  an  inch  to  the  foot.  "* 

In  those  sections  where  irrigation  succeeded  this  form  of  mining, 
irrigators  generally  adopted  this  unit.  In  many  respects  it  is  entirely 
satisfactory.  Where  the  flow  is  controlled  by  a  device  of  reasonable 
accuracy  it  is  a  convenient  method  of  delivery  for  canal  companies, 
and  satisfactory  to  users,  because  they  can  tell  at  a  glance  whether  or 
*  Qeneral  Statutes  of  Colorado,  Sec.  8472. 
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not  the  quantity  contracted  for  is  being  delivered.  It  is  not  suited, 
however,  to  the  measurement  of  rivers  or  to  the  regulation  of  their 
division  among  large  canals,  as  the  prescribed  conditions  oannot  be 
produced  on  a  large  stream  of  water.  There  are  canals  which  carry 
125  000  ins.  To  measure  this  volume,  under  the  conditions  prescribed 
in  the  Colorado  statute,  would  be  practically  impossible.  The  use  of 
the  term  "  inch"  has  been  unfortunate.  Many  farmers  have  confused 
this  unit  with  the  square  inch  or  the  cubic  inch,  and  it  frequently  hap- 
pens that  the  inches  of  water  bought  or  sold  are  determined  by  measur- 
ing the  cross-section  of  a  ditch  or  lateral,  paying  no  attention  whatever 
to  either  grade  or  velocity.  In  one  case  a  state  law  confuses  cubic 
inches  with  the  continuous  flow  from  an  inch-square  orifice. 

The  Cubic  Foot  per  Second, — When  it  became  necessary  to  gauge 
streams  and  to  measure  the  volume  of  large  canals,  it  was  manifest 
that  some  other  unit  of  measurement  that  the  miner's  **inch"  had 
to  be  used.     The  cubic  foot  per  second  is  the  unit  which  has  passed 
into  general  use.     This  unit  has  the  double  advantage  of  showing  pre- 
cisely what  is  meant,  and  being  well  adapted  to  the  measurement  of 
large  as  well  as  small  volumes  of  flowing  water.     It  is  the  most  satis- 
factory unit  which  can  be  used  in  dividing  rivers  or  in  measuring  the 
flow  of  large  canals  where  the  flow  is  continuous.    There  is,  however, 
an  objection  to  its  universal  use  in  water-right  contracts,  or  in  decrees 
establishing  rights  to  water.     Where  decrees  or  contracts  provide  for 
the  measurement  of  the  quantity  received  as  a  continuous  flow,  it  pre- 
supposes that  irrigators  use  water  in  this  manner.     This  is  not  in 
accord  with  the  best  practice.     Irrigators  do  not  need  water  all  the 
time.     Few  use  it  half  the  time.     If  they  are  required  to  pay  for  a 
continuous  flow,  they  usually  pay  for  something  they  do  not  get,  and 
always  for  what  they  do  not  need.     If  they  are  allowed,  as  an  equiv- 
alent of  a  continuous  flow,  to  take  a  larger  volume  lor  a  sliorler  time, 
a  different  unit  of  measurement  is  ^^Qira^le\\jee«A3L^e\\.  \a  iciot  astTeam 
of  a  particular  size,  but  the  total  Vro.    <cs^  xecevj^'i,  ^\i\c\x  \»  V^^ 


tinuous  flow  of  water  does  not  ^^     ^^C^^       5,  \»o^^^^  \\efe<^^  exe-loot. 

has  recently  brought  into  use  a^Vv     0?^^^%"^  ^^^""^"""^^'^rJl^     ^^  ^"^ 
it  contains  43  560  cu.  ft.,  or  eix^^ ^.^^    ^  ^^^et  ^^""^^^  e^..\.e  xx^^^  ^^ 
a  convenient  unit  for  selling  5.  ^\  ^V\)r      C^  .v>a^«> '^ 


measure  the  capacity  of  re6ert>      ^v 
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Contraots  in  which  the  acre-foot  is  used  provide  for  the  delivery 
of  water  on  the  demand  of  the  irrigator,  or  at  intervals  rather  than  in 
oontinuoas  flow;  and  canal  companies  have  hesitated  about  adopting 
this  unit,  because  of  a  fear  that  satisfactory  arrangements  for  delivery 
could  not  be  made,  and  that  more  water  would  be  called  for  at  some 
times  than  the  canal  could  supply,  while  at  other  times  the  entire 
volume  would  run  to  waste. 

Wherever  the  acre-foot  has  been  adopted  it  has  proven  acceptable 
to  irrigators,  because  they  share  in  the  benefit  resulting  from  care 
iind  skill  in  distribution. 

FoBM  OF  Water  Contracts  and  Benefits  of  Rotation. 

Contracts  for  supplying  water  take  many  forms.  In  some  cases 
they  are  deeds  to  the  water  delivered;  in  others  they  purport  to 
transfer  a  perpetual  right  to  a  specified  quantity  or  to  a  stream  of  a 
specified  size;  in  others  they  agree  to  provide  water  for  the  irrigation 
of  a  specified  number  of  acres  for  one  year;  while  a  few  provide  for 
payment  for  the  quantity  actually  used,  fixing  a  maximum  quantity 
which  may  be  demanded  in  one  season.  At  first  these  contracts  were 
largely  governed  by  the  ideas  of  the  managers  of  the  canals,  but 
sufficient  experience  has  now  been  had  to  make  certain  forms  of  con- 
tracts preferred  in  behalf  of  public  as  well  as  private  interests. 

Contracts  which  provide  for  the  delivery  of  a  uniform,  constant 
flow  are,  as  a  rule,  wasteful  of  water,  and  are  not  in  the  interests  of 
either  ditch  companies  or  the  public.  Contracts  which  charge  for  the 
acres  irrigated,  without  regard  to  the  volume  used  on  these  acres,  are 
a  temptatioh  to  extravagance  on  the  part  of  the  irrigator.  The  canal 
company  which  adopts  such  contracts  resembles  the  gprocer  who  would 
agree  to  supply  his  customers  with  a  year's  provisions  at  so  much  per 
head,  with  no  restrictions  as  to  quantity  or  kind  of  goods  which 
might  be  called  for.  On  the  other  hand,  contracts  providing  pay- 
ment proportioned  to  the  quantity  delivered,  and  for  delivery  in 
amounts  which  can  be  most  efficiently  distributed,  cannot  fail  to  lead 
to  economy  in  the  use  of  water,  and  consequently  to  a  high  duty. 
Under  such  a  system  the  irrigator  is  benefited  by  his  saving,  and  pays, 
for  his  waste.  Such  contracts  can  only  be  used  in  connection  with  a 
system  of  rotation  in  delivery  to  irrigators.  This  rotation  benefits 
the  canal  company  as  well  as  the  irrigator,  because  it  lessens  the  loss 
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from  eyaporation  and  seepage.  A  oanal  60  miles  long  could  be  divided 
into  three  sections  of  20  miles  each,  and  all  the  loss  from  seepage  and 
eyaporation  on  the  lower  40  miles  eayed  while  the  irrigators  of  the 
upper  section  were  being  supplied.  In  the  same  way,  by  keeping  the 
full  supply  in  the  canal,  water  could  be  rushed  through  to  users  under 
the  lower  section  with  less  loss  than  where  the  flow  is  depleted  by 
laterals  along  the  route.  The  greatest  saying  in  rotation,  howeyer, 
would  be  made  in  the  laterals.  Where  water  is  permitted  to  slowly 
dribble  through  continuously,  the  waste  is  enormous.  By  deyising  a 
system  for  grouping  the  laterals  and  inducing  the  irrigators  there- 
from to  take  water  by  turns,  the  engineer  can  do  as  much  toward 
raising  the  duty  obtained  as  the  actual  cultivator.  The  use  of  a  unit 
which  favors  rotation  between  users  leads  also  to  rotation  in  the 
division  of  the  river  between  the  canals.  The  loss  from  seepage  and 
eyaporation  is  approximately  the  saipe  whether  the  canals  are  full  or 
only  half  full.  When  rivers  are  low,  by  running  half  the  canals  at  a 
time  with  a  full  supply,  nearly  half  the  water  ordinarily  lost  in  tran- 
sit is  saved.  As  the  loss  from  seepage  and  evaporation  averages 
about  dO%  of  the  water  flowing  in  canals,  the  water  saved  by  such 
rotation  is  a  material  addition  to  the  available  supply. 

Beasons  fob  Investiqation  of  the  Dxttt  of  Wateb. 

As  the  water  required  to  irrigate  1  acre  of  land  should  be  the 
basis  for  fixing  the  dimensions  of  works  required  to  irrigate  any 
number  of  acres,  there  is  need  to  know  approximately  its  amount. 
In  order  to  plan  for  the  just  distribution  of  the  volume  entering  the 
headgate,  the  losses  in  transit  must  be  provided  for.  Until  more  is 
known  than  is  now  known  about  the  time  of  year  when  the  irrigation 
season  begins  and  ends,  the  part  of  the  discharge  which  must  run  to 
waste  unless  stored  cannot  be  estimated.  Until  it  is  known  how  large 
an  area  an  acre-foot  of  stored  water  will  irrigate,  and  the  returns 
which  will  come  from  such  irrigation,  the  value  of  reservoirs  will 
have  no  more  substantial  basis  than  individual  judgment  or  con- 
jecture, and  no  intelligent  estimate  can  be  made  of  the  amount  of 
money  which  can  be  profitably  spent  in  their  construction.  Sooner 
or  later,  a  knowledge  of  the  duty  of  water  becomes  a  necessity  in  any 
irrigated  district.  It  is  now  urgently  needed  to  settle  disputes  over 
water-right  contracts,  and  to  provide  for  their  intelligent  reconstruc- 
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tion.  Thus  far,  it  has  been  the  tiiuform  practice  to  make  all  rights  to 
water  perpetual  and  continuous.  This  is  not  the  practice  of  European 
countries.  Italy,  France  and  Spain,  each  distinguishes  clearly  between 
rights  to  the  summer  and  to  the  winter  flow,  the  vernal  and  autumnal 
equinoxes  being  the  dates  when  one  begins  and  the  other  ends.  The 
eontroversies  which  have  recently  arisen  over  rights  to  the  winter  flow 
of  streams  will  doubtless  soon  lead  to  a  similar  distinction  in  western 
irrigation  laws.  A  comparison  of  the  duties  secured  under  many  of 
the  canals  where  measurements  were  made  last  year  leads  to  the  belief 
that  it  will  be  possible  through  improved  methods  to  double  the 
average  duty  now  obtained,  so  that  the  quantity  now  required  for 
one  acre  will  serve  to  irrigate  two.  If  this  can  be  accomplished  it  will 
relieve  the  scarcity  under  many  canals,  put  an  end  to  many  contro- 
versies grovnng  out  of  the  existing  scarcity,  lessen  the  expense  per 
acre  for  water,  and  increase  immensely  the  productive  and  taxable 
resources  of  the  arid  States. 

Believing  that  a  more  general  understanding  of  the  causes  which 
increase  or  diminish  the  duty  of  water  is  one  of  the  most  urgent  needs 
of  irrigated  agriculture,  the  determination  of  this  duty  was  made  a 
leading  subject  of  the  investigation. 

Methods  Used  in  the  Investigation. 

In  carrying  out  this  investigation  laboratory  methods  will  not 
answer;  it  must  deal  with  the  use  of  water  on  a  large  scale.  The 
work  requires  the  supervision  of  men  of  special  training  and  wide 
practical  experience.  One  of  the  chief  difficulties  encountered  at  the 
outset  was  to  find  the  right  men  to  take  charge.  Those  engaged  are, 
without  exception,  holding  positions  of  responsibility  and  receiving 
ample  compensation  from  other  sources.  The  chief  inducement  for 
their  taking  part  in  this  investigation  has  been  the  promotion  of  the 
public  welfare.  Through  their  interest  and  zeal  a  large  amount  of 
information  was  obtained  which  could  not  otherwise  have  been  secured 
for  ten  times  the  actual  outlay.  It  was  left  for  the  observers  in  each 
State  to  secure  the  co-operation  of  intelligent,  practical  farmers,  and 
to  arrange  with  them  to  measure  the  water  used  on  their  fields.  In 
nearly  every  case  this  was  easily  accomplished.  Every  farmer  con- 
nected with  the  investigation  received  the  same  instruction.  It  was, 
to  use  water  whenever  and  wherever  it  was  thought  necessary,  pro- 
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yided  it  could  be  had,  and  pay  no  attention  to  the  fact  that  it  was 
being  measured.     The  results  show  that  this  was  done.     The  descrip- 
tion of  canal  systems  and  the  methods  which  govern  their  operation, 
given  in  the  reports  of  the  special  agents,  show  how  direct  is  the  rela- 
tion between  good  management  and  a  high  duty  of  water.     They  also 
show  how  prolific  of  waste  and  loss  is  a  badly  drawn  water-right 
contract.     Records  were  also  kept  of  rainfall  and  evaporation,  and 
an  effort  was  made  in  each  case  to  secure  as  much  information  aa 
possible  on  the  following  factors  of  the  duty  of  water  in  irrigation: 
The  quantity  of  water  required  by  different  crops. 
The  length  of  the  irrigation  period  in  different  sections  of  the 
arid  region. 

The  agreement  or  divergence  between  the  quantity  of  water 
used  in  irrigation  in  the  different  months  of  the  growing  season, 
and  the  rise  and  fall  of  streams  during  those  months. 

The  benefits  of  reservoirs,  and  the  percentage  of  the  total  dis- 
charge of  streams  which  must  be  stored  in  order  to  utilize  it  all. 
Losses  in  canals  from  seepage  and  evaporation. 
Influence  of  different  forms  of  water-right  contracts  in  pro- 
moting economy  or  waste. 

The  returns  from  the  use  in  irrigation  of  an  acre-foot  of 
water. 

Instbxticents  Usbd  in  BsGOBDiNa  Amounts  of  Water  Used. 

In  the  study  of  the  duty  of  water,  and  to  record  the  quantity  used, 
provision  had  to  be  made  for  an  instrument  which  would  be  automatic 
and  continuous  in  its  operation.  This  was  necessary  because  the 
quantity  received  by  each  irrigator  from  his  lateral  is  subject  to 
frequent  change.  Finding  it  impossible  to  use  a  meter  to  measure  the 
volume  delivered,  it  was  decided  to  place  a  weir  or  flume  in  each  canal 
or  lateral,  and  then,  by  means  of  a  suitable  instrument,  keep  a  con- 
tinuous record  of  the  depth  of  water  delivered.  Wherever  possible, 
weirs  were  used,  but  in  more  than  half  the  cases  where  they  were  used 
the  results  proved  that  flumes  would  have  been  more  satisfactory. 

A  study  of  the  registers  in  use  showed  that  none  was  wholly  satis- 
factory. The  first  requisite  was  a  record  on  a  natural  scale,  so  that  an 
inch  rise  or  fall  in  the  ditch  would  be  so  shown  on  the  record  sheets, 
thus  enabling  any  farmer  or  ditch  rider  to  determine  at  a  glance 
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whether  or  not  .the  instrament  was  working  accurately,  and,  if  not,  to 
correct  it  without  the  computation  required  where  the  scale  is  reduced. 
Not  being  able  to  obtain  registers  of  this  pattern,  one  was  designed. 
Its  form  is 'shown  in  Fig.  1. 

In  this  instrument  the  rise  and  fall  of  the  water  in  a  ditch  or  lateral 
raises  and  lowers  a  float  and  counter- weight.  This  float  and  counter- 
weight are  connected  by  a  cord  which  passes  over  the  end  of  a  cylinder 


THE  WYOMING  MILOMETER 
Fio.  8. 


REGISTER  OF  HEIGHT  OF  WATER 

OAOE  CANAL,  RIVERSIDE,  CALIFORNIA 
FlO.  4. 


which  is  revolved  by  the  movement  of  the  cord  as  the  float  rises  and 
falls  with  the  changes  of  depth  in  the  stream.  This  cylinder  carries  a 
paper  divided  into  rectangular  spaces,  the  time  divisions  being  parallel 
to  its  axis  and  the  depth  divisions  at  right  angles  thereto.  The  pen  or 
pencil  making  the  record  is  moved  along  this  cylinder  by  clockwork, 
and  passes  from  one  end  to  the  other  in  a  week,  when  the  paper  is 
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changed  and  the  pen  returned  to  the  starting  point.  The  only  restdt 
of  a  wide  variation  in  stream  depth  is  an  increase  in  the  number  of 
ravolntions  of  the  cylinder. 

Owing  to  delay  in  the  constmction  of  these  instmmenf  s,  all  obser- 
vers cottld  not  be  supplied  with  them,  and  a  number  of  registers  of 
other  patterns  were  used.  The  Biohard  Fr^res  register,  Fig.  2,  was 
utilized  in  the  measurements  in  Arizona,  the  instruments  being  loaned 
by  the  University  of  Arizona.  The  Wyoming  Nilometer,  Fig.  3,  was 
used  at  the  Wyoming  and  Nebraska  Stations.  The  Irving  register, 
Fig.  4,  was  used  on  the  Gage  Canal  in  California.  Plate  XXIV  show 
the  method  of  placing  registers  used  in  weir  measurements. 

Belative    Merits    of   Weibs    and   Flumes   m    the   Measubemxmt 

OP  Water. 

Beference  has  already  been  made  to  the  fact  that  some  of  the  weirs 
did  not  prove  satisfactory.  This  was  due  to  the  deposit  of  silt  above 
them.  Sediment  investigations  made  during  the  season  showed  that 
certain  southern  streams  carry,  during  floods,  as  high  as  5%  of  solid 
matter  in  suspension,  and  that  canals  and  laterals  taking  water  from 
these  streams  have  to  be  cleaned  from  two  to  three  times  each  year. 
Even  where  the  percentage  was  much  less  than  this,  the  deposit  of 
sediment  was  so  rapid  in  some  cases  as  to  flU  the  lateral  or  ditch  above 
the  weir  to  a  level  with  its  crest  in  24  hours.  Where  this  happened, 
the  velocity  of  approach  became  a  disturbing  factor,  the  influence  of 
which  could  not  be  determined  owing  to  the  constant  change  of  con- 
ditions. Some  canal  companies  which  use  weirs,  operate,  in  connec- 
tion therewith,  a  sluicing  device  which  removes  the  accumulated 
sediment  once  each  day.  The  objection  to  this  is  that  the  conditions 
are  never  stable,  and  it  is  impossible  to  tell  for  what  length  of  time 
the  weir  tables  used  Agree  with  the  actual  discharge.  The  recent  in- 
vestigations in  the  flow  of  water  over  dams  and  over  weirs,  other  than 
those  with  sharp  edges,  may  aid  in  securing  the  adoption  of  a  form  of 
weir  better  suited  to  the  sediment-laden  waters  of  the  Southwest  than 
that  used,  but,  so  far  as  knife-edged  weirs  are  concerned,  there  are 
few  ditches  in  the  Southwest  where  it  is  not  possible  to  secure  rating 
tables  for  flumes  which  will  give  much  more  reliable  and  accurate  re- 
sults. It  was  also  found  that,  in  the  case  of  a  number  of  canals,  the 
grades  were  too  small  and  the  banks  too  low  to  secure  the  requisite  fall 
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'below  the  weir,  and  in  such  cases  flnmes  would  not  only  be  preferable 
but  an  inevitable  substitute.  , 

The  most  serious  objection  to  the  use  of  flumes  is  the  labor  of  pre- 
paring an  accurate  rating  table,  and  the  fact  that  a  current  meter  is 
required  for  doing  this.  The  recent  improvements  in  these  instru- 
ments, by  which  both  their  convenience  and  acctiracy  have  been  in- 
creased, has  made  it  a  simple  matter  to  prepare  a  discharge  table  for 
flumes  in  which  the  flow  is  reasonably  uniform.  With  ordinary  care 
this  discharge  can  be  determined  within  the  limits  of  accuracy  per- 
mitted by  the  meter  used,  and  in  the  best  instruments  this  error  is  as 
low  as  1  per  cent.  This  margin  of  error  is  below  wh|it  is  permissible 
in  the  delivery  of  water  or  attainable  in  this  investigation.  The  rela- 
tion of  the  volume  discharged  to  the  depth  of  water  in  the  measuring 

DISCHARGE  CURVE  FOR  THE  MESA  CANAL.  MESA.  ARIZONA. 


0 
Cubic  Feet  per  Second.  Equation  ot  Curve.    X  aSLSM  i/'-fO.M02  y  •l-O.OOOi 

Fio.  6. 

flume  of  the  Mesa  Canal,  Arizona,  is  shown  in  Fig.  5.  The  dots  show 
the  gaugings.  The  curve  is  platted  from  the  equation  x  =  21.256  y*  -f- 
0.8502  1/  -f-  0.0004,  which  is  derived  from  the  actual  gaugings  by  the 
method  of  least  squares. 

The  Unit  of  Measubememt  Used. 

In  the  tables  which  follow,  the  acre-foot  is  the  unit  of  volume  used. 
This  is  usually  expressed  by  giving  its  equivalent  in  the  depth  to 
which  the  water  used  would  have  covered  the  surface  irrigated.  This 
unit  was  chosen  because  it  is  definite,  and  because  it  affords  a  con- 
venient base  for  the  comparison  of  quantities  used  in  localities  where 
the  period  of  use  was  not  the  same. 

It  is  usual  in  discussions  of  the  duty  of  water  to  take  the  cubic  foot 
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per  second  as  the  unit  of  quantity,  and  the  period  during  which  a  crop 
requires  water  to  bring  it  to  maturity  as  the  time  during  which  the 
flow  of  that  volume  continues.  Thus,  when  it  is  said  that  the  duty  of 
water  is  60  or  80  acres  to  the  cubic  foot  per  second,  the  statement  im- 
plies that  the  quantity  of  water  used  during  the  season  had  been 
measured  and  the  average  volume  used  during  this  season  amounted 
to  1  cu.  ft.  per  second  for  each  60  or  80  acres  irrigated.  In  order  to- 
make  this  expression  definite,  it  is  necessary  that  the  duration  of  the 
irrigation  penod  be  known;  but  this  varies  so  widely  in  different  local- 
ities, and  in  actual  practice  in  the  same  locality,  that  it  is  diffi- 
cult to  compare  the  results  obtained.  In  a  number  of  discussions  of 
this  subject  the  assumed  season  for  the  Rocky  Mountain  regions  has 
been  taken  as  varying  from  100  to  150  days.  The  records  kept  last 
year  show,  however,  that  water  was  used  from  the  Gage  Canal  at 
Riverside,  Cal. ,  throughout  the  entire  year,  while  the  canal  at  Wheat- 
land, Wyo.,  was  operated  only  60  days,  and  water  was  used  in  irriga- 
tion a  shorter  time.  Since  the  practice  varies  so  widely,  any  attempt- 
at  fixing  an  average  period  would  be  wholly  arbitrary.  Even  under 
the  same  canal  the  length  of  the  season  has  to  be  assumed,  because  nO' 
two  irrigators  use  water  for  the  same  length  of  time.  The  length  of 
the  irrigating  period  at  the  several  stations  is  shown  graphically  in 
Fig.  6.  Nor  does  the  assumption  of  a  continuous  flow  accord  with 
practice,  because  on  many  canals  a  system  of  rotation  in  the  delivery 
of  water  is  already  in  operation,  and  even  where  the  contracts  provide 
for  a  constant  delivery  it  seldom  happens  that  irrigators  use  water  in 
this  way.  When,  therefore,  in  practice,  20  miner's  or  statutory  inches- 
are  used  on  an  acre  for  a  day,  and  none  at  all  for  the  next  twenty  days, 
it  is  an  error  to  discuss  the  duty  as  though  a  single  inch  had  been  used 
all  the  time.  In  nearly  all  the  northern  States  fully  three  times  as 
much  water  is  used  in  July  as  in  August.  Hence,  a  discussion  which 
deals  with  the  delivery  of  water  as  though  the  use  was  uniform  during^ 
this  period  is  likely  to  lead  to  serious  mistakes  in  practice. 

By  the  use  of  the  acre-foot  as  the  unit  of  quantity  all  the  arbitrary 
assumptions  involved  in  the  use  of  either  the  **  inch  "  or  the  cubic  foot 
per  second  are  avoided,  and  its  use  is  equally  correct  and  convenient 
whether  the  supply  comes  from  streams,  wells  or  reservoirs,  whether 
it  is  continuous  or  intermittent,  and  whether  it  ends  in  two  months  or 
extends  throughout  the  entire  twelve.     The  flow  of  1  cu.  ft.  per  second 
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DIAGRAM  SHOWING  DURATION  OF  IRRIGATION  PERIOD 
ON  MAIN  CANALS  INCLUDED  IN  INVESTIGATIONS. 
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DIAGRAM  SHOWING  DURATION  OF  fRRIGATION  ON  FARMS 
WHERE  WATER  WAS  MEASURED  IN  1899. 
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NAME  OF  FARM. 
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for  24  hours  amounts  to  1.98  acre-feet,  so  that  the  oonversion  of 
Yolumes  from  one  unit  to  the  other  can  be  readily  made. 

SUMMABT  OF  MEASUBEaCBNTS  OF  DiJTY  OF  WaTEB. 

The  measurements  made  by  observers  show  that  the  duties  obtained 
vary  from  less  than  1  acre-foot  of  water  per  acre,  irrigated  to  over  15 
acre-feet  on  an  acre;  but  these  wide  and  seemingly  eccentric  variations 
in  the  quantities  used  were  the  results  of  manifest  causes.  Where 
water  was  distributed  through  well-built  ditches  and  used  by  careful 
irrigators,  there  was  a  surprisingly  close  agreement  in  results  even 
in  widely  separated  localities.     Table  No.  1  will  serve  to  illustrate  this. 

TABLE  No.  1.— QuAivrrrY  of  Water  Used,  where  Measdrbmbnts  Webb 

Made  on  SmaijL  Canals  or  Short  Latbealb. 

Depth  of  water 
Location.  used,  in  feet. 

Cronquist  Farm,  Utah. 2.60 

Long  Farm,  Idaho 2.40 

Gage  Canal  Cal 2.24 

Canal  No.  2,  Wyo 2.53 

Vance  Farm,  Ariz 2 .82 

Biles  Lateral,  Colo 1.82 

Middle  Creek  Ditch,  Mont 2.10 

Gothenburg  Canal,  Neb 2.57 

Mean  of  all  the  above 2.31 

An  interesting  comparison  with  the  results  in  Table  No.  1  is  afforded 
by  the  mean  of  the  duties  on  all  the  distributaries  of  the  Ganges  Canal 
for  1889-90,  during  the  Khareef  season,  as  reported  in  Buckley's 
** Irrigation  Works  in  India."  Here,  the  mean  volume  of  water  used 
in  the  irrigation  of  an  acre  of  land  was  121  970  cu.  ft.,  equal  to  a 
depth  of  2.8  ft.  for  the  area  irrigated. 

Where  the  water  was  measured  at  the  margin  of  the  fields,  there 
was  a  still  higher  duty  than  where  measured  at  the  heads  of  the 
laterals.  Table  No.  2  shows  the  duty  obtained  where  all  losses  in  dis- 
tribution were  eliminated,  and  nothing  but  the  water  actually  spread 
over  the  fields  was  measured. 
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DIAGRAM  SHOWING  THE  TIME  OF  IRRIGATION  AND  THE  DEPTH  OF  WATER 
USED  ON  THE  FARM  OF  OLEF  CRONQUIST,  LOGAN.  UTAH. 


MONTH 

APRIL 

MAY 

JUNE  ' 

JULY 

1         AU0U8T 

SEPTEMBER 

c*Y 

1 

\  i 

\  1 

M 

\ 

i 

>  IB  l6  1 

it 

i_in 

il 

10  IS  M  ■■  M     1 

1  k  IS  ao  M  t4 

lOlikdU 

rmJ-^ 

t 

• 

AC 

u 

T 

iJ 

> 

T 

AC 

lE- 

CI 

T 

- 

6 

AC 

»t- 

'tl 

T« 

s 

le- 

El 

T 

i 

4 

\c 

11- 

n 

r 

- 

... 

■- 

- 

I 

• 

AC 

11- 

a 

T 

^ 
^ 

2 

AC 

le- 

'El 

T 

5 

, 

AC 

.f- 

0< 

T 

3 

a 

J 

Fig.  7. 


DIAGRAM  SHOWING  THE  TIME  OF  IRRIGATION  AND  DEPTH  OF  WATER 
USED   ON  THE  FARM  OF  A.  F.  LONG.  NPAR   NAMPA    IDAHO 
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TABLE  No.   2. — Quantity  of  Wateb  XJsbd,    whebb  Measubememts 
Webb  Made  at  Maboin  of  ¥ieu>  whebb  Used. 

Depth  of  water 
Location.  used,  in  feet. 

J.  Lateral,  Wye.  (Oats) 1.66 

J.  Lateral,  Wyo.  (Com) 0.70 

Farm,  Edgar  Wilson,  Idaho 1.48 

Lowest  Division,  Gage  Canal,  Cal 1.78 

Mean  of  measurements  at  Bozeman  (Mont.),  Exper- 
iment Station *. . . . .  1 .  20 

Mean  of  all  the  above 1 .84 

The  dates  when  water  was  applied,  the  length  of  the  irrigation 
periods,  the  total  acre-feet  per  day  in  use,  the  total  depth  of  irrigation 
applied  each  month  and  the  depth  of  rainfall  for  each  month,  are  all 
shown  graphically  in  Figs.  7,  8  and  9,  for  three  of  the  stations  named 
in  Tables  Nos.  1  and  2. 

Losses  by  Seepaqe  and  Eyafobation. 

The  duties  given  in  the  foregoing  tables  were  obtained  on  laterals, 
or  on  canals  where  the  losses  in  transit  were  not  large,  and  on  fields 
where  the  water  was  measured  at  the  margin.  They  therefore  repre- 
sent, approximately,  the  volume  utilized.  In  practice,  however,  the 
losses  in  canals  from  percolation,  leakage  of  flumes,  evaporation,  etc., 
are  an  important  factor  in  fixing  the  average  duty  of  water  from  a 
river  or  an  extensive  canal  system.  To  determine  this  average  duty, 
the  volume  should  be  measured  at  the  head  gate,  and  the  number  of 
acres  it  irrigates  is  the  duty  which  canal  managers  have  to  consider  in 
determining  the  area  their  works  will  irrigate.  This  duty  is  much 
lower  than  that  obtained  by  measurements  made  on  laterals  or  at  the 
margins  of  the  fields  where  used,  the  influence  of  the  losses  between 
the  headgate  and  the  heads  of  laterals  being  greater  than  has  usually 
been  supposed.  Where  canals  cross  gravel  beds  or  gypsum  deposits 
the  results  closely  resemble  trying  to  carry  water  in  a  sieve.  Table 
No.  3  gives  the  depth  of  water  used  in  irrigation,  where  the  measure- 
ments were  made  at  the  canal  headgates,  and  includes  the  loss  from 
seepage  and  evaporation. 
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DIAGRAM  SHOWING  THE  TIME  OF  IRRIGATION  AND  DEPTH  OF  WATER  USED  FROM  THE 
GAGE  CANAL  IN  DISTRICT  NUMBER  ONE,  RIVERSIDE.  CALIFORNIA. 
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DIAGRAM  SHOWING  THE  TIME  OF  IRRIGATION  AND  THE  DEPTH  OF  WATER 
USED  FROM  THE  BIG  DITCH,  SALT  LAKE  CITY.  UTAH. 
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TABLE  No.  3. — Depth  op  Water  Used  m  Ibbioation,  when  Losses 
IN  Main  Ganai<  abb  iNciiUDED. 

Depth  of  water 
Name  of  Canal.  used,  in  feet. 

Pecos  Canal,  N.  Mex 6.26 

Mesa  Canal,  Ariz 3.81 

Butler  Ditch,  Utah 6.24 

Big  Ditch,  Utah 3.W 

Upper  CmoElr  Utah 6.30 

Amity  Canal,  Colo 4.92 

Rust  Lateral,  Idaho 5.06 

Mean  of  all  the  above 5.10 

For  the  Big  Ditch,  Salt  Lake  City,  Utah,  Fig.  10  shows  when  the 
water  was  applied  and  the  total  acre-feet  applied  per  day,  also  the 
depth  of  irrigation  water  applied  each  month,  and  the  rainfall  for  the 
same  period. 

A  comparison  of  the  duties  in  Table  No.  3  with  those  obtained 
when  the  water  was  measured  where  used,  will  show  that  more  than 
twice  as  much  water  was  required  where  it  was  measured  at  the  head- 
gate  as  where  measured  at  the  place  of  use.  Li  other  words,  the  losses 
in  the  cacals  from  seepage  and  evaporation  amount  to  more  than  half 
the  entire  supply.  This  is  in  accord  with  many  of  the  measurements 
made  on  irrigation  canals  in  India.  Among  those  recorded  in 
Buckley's  <* Irrigation  Works  in  India"  is  one  which  shows  that  the 
iirigation  of  wheat  unduribe  JnBd»Gan«I  in  Bombay  required  5.6  acre- 
feet  of  water  for  each  acre  irrigated,  where  the  water  was  measured  at 
the  head  of  the  canal,  but  where  the  water  was  measured  at  the  place  of 
use  it  required,  in  two  experiments,  only  2.1  and  1.4  acre-feet,  respect- 
ively, to  irrigate  an  acre,  the  loss  in  the  canal  being  more  than  50 
per  cent.  On  the  Hathmati  Canal,  in  the  same  country,  the  loss 
from  seepage  and  evaporation  was  50  per  cent.  The  losses  in  transit 
in  our  canals  are  much  heavier  than  is  the  rule  on  the  older  canals  of 
India,  and  are  doubtless  more  general  than  they  will  be  in  this 
country  when  the  banks  of  canals  are  older  and  when  they  are  oper- 
ated with  greater  regard  for  economy. 

The  reports  of  the  special  agents  and  observers  in  charge  of  these 
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measurements  show  that  the  losses  from  seepage  and  evaporation  where 

measured  in  1899  were  as  follows: 

Pecos  Canal,  N.  Mex.,  loss 52.3% 

Mesa  Canal,  Ariz.,  estimated  loss 25.0% 

Middle  Creek  Ditch,  Mont.,  loss  in  4  miles 22.0% 

With  probable  loss  for  entire  ditch  of 35.0% 

Jordan  and  Salt  Lake  Canal,  Utah,  loss 45.0% 

Gage  Canal,  Cal.,  loss 0.5% 

The  Gage  Canal,  being  cemented,  the  losses  from  seepage  are  prac- 
tically nothing.  As  compared  to  losses  varying  from  25  to  75%,  shown 
in  other  canals,  the  loss  of  only  half  of  1%  in  this  canal  has  great  sig- 
nificance. The  water  turned  into  the  head  would  have  served  to  cover 
the  land  irrigated  to  a  depth  of  2.24  ft,  while  the  mean  depth  for  the 
water  delivered  to  irrigators'  laterals  was  2.11  ft.,  a  loss  of  only  0.13 
acre-foot  per  acre  irrigated.  Canals  can  only  be  cemented  on  earth,  as 
is  done  in  California,  in  localities  where  frosts  in  winter  are  not  severe. 

Bblation  of  Losses  in  TiiANsiT  to  the  AMOuin?s  of  Appbopbiations. 

This  loss  from  canals  has  given  rise  to  a  number  of  perplexing 
questions  regarding  appropriations.  .The  states  of  Nebraska,  Wyoming 
and  Idaho  have  fixed  a  maximum  limit  on  the  amount  of  water  per 
acre  which  an  appropriator  can  acquire.  In  two  of  these  states  no 
one  is  permitted  to  appropriate  more  than  1  cu.  ft.  per  second  for  each 
70  acres  irrigated.  This  limitation  has  given  rise  to  the  question  as  to 
whether  the  water  so  appropriated  is  to  be  measured  at  the  margin  of 
the  irrigated  field  or  at  the  head  of  the  canal.  Appropriators  have 
claimed  that  if  measured  at  the  headgate  the  losses  in  the  canal  will  be 
so  great  that  the  amount  delivered  will  be  inadequate  for  their  needs; 
while  water  commissioners  have  insisted  that  it  will  be  practically  im- 
possible to  measure  each  appropriation  at  the  head  of  the  user's  lateral 
Several  contests  over  this  matter  have  already  arisen,  and  sooner  or 
later  an  authoritative  decision  will  have  to  be  reached.  In  one  instance 
all  the  water  entering  the  canal  is  delivered  at  a  point  11  miles  below. 
Measurements  were  made  to  determine  the  loss  in  this  distance,  and  it 
was  found  to  vary  from  18  to  36  per  cent.  It  was  urged  that  this  loss 
was  so  great  that  the  amount  turned  into  the  canal  should  be  increased 
enough  to  compensate  therefor,  but  the  State  authorities  refused  to 
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recognize  this  olaim,  on  the  ground  that  such  a  concession  would  put 
an  end  to  the  improvement  of  ditches,  since  the  greater  the  loss,  the 
larger  the  appropriation  which  would  be  secured,  and  that  its  prac- 
tical effect  would  be  to  place  a  premium  on  poor  construction  and 
wasteful  operating  of  canals. 

Seepage  Watebs  Beafpearing  in  Spbings  and  Ditches. 

Much  of  the  water  which  escapes  from  canals  finds  its  way  to  the 
surface  below  in  the  form  of  springs  in  what  were  originally  dry 
ravines.  Irrigators  have  filed  on  these  springs,  and  secured  thereby 
an  ample  water  supply  without  having  to  pay  the  canal  company  which 
furnishes  it  anything  for  operating  expenses  or  for  the  purchase  of  a 
water  right.  On  the  South  Platte  Biver  alone  there  are  over  400  of  these 
filings  on  seepage  waters.  The  report  of  the  State  Engineer  of  Ck)lorado 
for  1898  shows  that  5  000  acres  in  the  Poudre  Valley  were  irrigated 
with  seepage  water  in  that  year.  In  a  number  of  instances  canal  com- 
panies have  sought  to  establish  a  title  to  the  water  of  these  springs 
and  to  collect  for  its  transportation  from  their  users;  but  the  decisions 
of  the  courts  in  these  cases  have  been  conflicting,  and  no  settled  policy 
has  as  yet  been  established. 

In  some  cases,  where  slopes  are  crossed  by  several  canals,  the  lowest 
one  frequently  is  benefited  rather  than  injured  by  filtration,  as  it 
intercepts  the  water  lost  above.  In  one  instance,  where  it  is  known 
that  a  large  volume  of  seepage  water  is  escaping  from  hi^h-line  canals, 
a  ditch  has  been  cut  parallel  with  the  river  bank,  but  some  distance 
away  from  it,  to  intercept  this  percolating  supply.  This  has  led  to 
litigation  to  determine  whether  or  not  this  is  an  interference  with  the 
rights  of  prior  appropriators  below  on  the  main  stream. 

The  percolating  waters  from  canals  and  irrigated  fields  materiaUy 
increase  the  water  supply  of  western  rivers.  Measurements  of  this 
return  or  seepage  water  have  shown  that  this  reaches  in  many  instances 
S0%  of  the  original  volume.  In  some  cases  it  exceeds  the  original 
supply. 

Influence  of  FiitiOTUATioNs  in  Supply  on  the  Duty  Obtained. 

A  low  duty  does  not  of  necessity  indicate  a  wasteful  or  unskilful 
use  of  water.  An  illustration  of  this  is  found  on  streams  which  furnish 
more  water  than  can  be  used  during  the  flood  season,  but  where  the 
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period  of  plenty  is  followed  by  an  equally  assured  period  of  drought. 
Irrigators  have  learned  to  provide  against  the  latter  by  pouring  on 
their  land  all  the  water  it  will  hold  while  it  can  be  had.  By  thus 
saturating  the  subsoil  they  store  up  a  reserve  supply  which  plants 
draw  upon  when  the  ditches  fail.  The  report  of  one  special  agent 
deals  with  this  practice,  and  a  study  of  the  flow  of  water  in  the 
Mesa  Canal  shows  how  marked  is  the  scarcity  during  the  hottest 
part  of  the  year,  and  that  at  the  time  when  the  most  water  would  be 
used  if  it  could  be  had,  less  was  actually  used  than  at  any  other  time 
in  the  season.  That  it  is  better  to  waste  water  on  the  land  when  there 
is  a  surplus,  than  to  let  it  escape  down  the  river  and  have  crops  bum 
later  in  the  season,  is  beyond  question,  but  the  results  of  such  irriga- 
tion are  not  nearly  so  satisfactory  as  they  would  be  if  this  flood  supply 
could  be  stored  in  reservoirs  and  be  available  for  use  when  needed. 
Mr.  Code's  report  shows  clearly  the  necessity  of  reservoirs  in  localities 
like  the  Salt  Biver  Valley.  They  are  needed  to  store  the  floods  which 
now  run  to  waste.  They  are  needed  to  enable  farmers  to  use  water  when 
crops  demand  moisture,  and  to  relieve  them  from  the  alternating  floods 
and  drouths  which  dependence  on  the  stream  alone  renders  inevitable. 

The  Diffebence  Between  the  Assumed  Dittt  in  Canaii  Contracts  and 
THE  Duty  Found  bt  the  Ybab*s  Measubements. 

A  comparison  of  the  results  of  the  year's  measurements  with  the 
duty  of  water  assumed  in  many  important  water-right  contracts  is 
interesting  as  showing  their  ao^reemsnt  or  departure  from  actual  prac- 
tice. The  quantity  of  water  agreed  to  be  furnished  by  a  number  of 
canal  companies  is  as  follows: 

Arizona. 

Arizona  Water  Company  sells  perpetual  water  rights,  for  0.8SJ  cu.  ft. 

per  second  to  be  used  on  not  to  exceed  80  acres.     This  gives  a  duty 

of  a  little  less  than  100  acres  per  cubic  foot  per  second,  or  a  depth 

of  7.5  ft.  on  the  land  irrigated. 
Consolidated  Canal  Company  sells  perpetual  water  rights  for  not  to 

exceed  ^  miner's  inch  per  acre.     This  gives  a  duty  of  120  acres  per 

cubic  foot  per  second,  or  a  depth  of  6  ft. 
Rio  Verde  Canal  Company  sells  water  by  quantity,  agreeing  to  furnish 

sufficient  water  to  cover  land  to  a  depth  of  2  ft.  if  it  is  called  for, 

and  more  at  the  option  of  the  company. 
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Califomia. 

Gage  Canal  allows  1  in.  to  5  acres,  or  1  cu.  ft.  per  second  to  250  acres. 
This  water  is  not  delivered  in  continuous  flow,  but  in  large  streams 
for  short  periods,  at  the  convenience  of  the  consumer.  This  flow 
gives  a  depth  of  2.89  ft. 

Colorado. 

Larimer  County  Ditch  sells  water  rights  for  shi  of  the  capacity  of  the 
ditch,  without  specifying  how  much  land  is  to  be  irrigated. 

New  Loveland  and  Greeley  Irrigation  and  Land  Company  sells  one 
water  right  for  each  80  acres,  allowing  a  flow  of  1.44  cu.  ft.  per 
second.  The  Colorado  law  compels  companies  to  furnish  water 
from  April  1st  to  November  1st.  For  that  length  of  season  1.44 
cu.  ft.  per  second  would  cover  80  acres  to  a  depth  of  5.3  ft. 

Platte  Valley  Irrigation  Company  sells  a  water  right  for  each  80  acres, 
allowing  a  flow  of  1.44  cu.  ft.  per  second,  or  a  depth  of  5.3  ft. 

Fort  Morgan  Land  and  Canal  Company  sells  a  water  right  for  each  80 
acres,  allowing  a  flow  of  not  to  exceed  1.44  cu.  ft.  per  second  for 
the  irrigating  season,  or  a  depth  of  5.3  ft. 

Arkansas  Eiver  Land,  Reservoir  and  Canal  Company  sells  a  water 
right  for  each  80  acres,  allowing  a  flow  of  not  to  exceed  1.44  ou. 
ft.  per  second,  or  a  depth  of  5.3  ft. 

Dolores  No.  2  Land  and  Canal  Company  sells  water  by  the  cubic  foot 
per  second,  without  limiting  the  consumer  as  to  the  area  which 
he  may  irrigate. 

Idaho. 

Phyllis  Canal  contracts  provide  that  the  amount  of  water  delivered 
shall  not  at  any  time  exceed  an  amount  equivalent  to  1  cu.  ft.  per 
second  for  50  acres,  and  that  the  total  maximum  quantity  allowed 
shall  not  exceed  2  fi.  in  depth  on  the  land  irrigated;  since  1899, 
will  sell  water  by  the  cubic  foot  per  second,  with  no  limitations  as 
to  the  area  to  be  irrigated. 

Boise  and  Nampa  Canal,  until  1899,  delivered  water  at  the  rate  of  1 
miner's  inch  to  the  acre,  but  not  to  exceed  3  ft.  in  depth  on  the 
land  irrigated.  Since  1899,  sells  water  by  the  cubic  foot  per 
second,  with  no  limitations  as  to  the  area  to  be  irrigated. 

Montana. 

Minnesota  and  Montana  Land  and  Improvement  Company  sells  water 
by  the  miner's  inch  without  regard  to  the  area  to  be  irrigated. 
For  the  season  of  1899  the  farmers  under  this  company's  canal 
ordered,  on  an  average,  1  miner's  inch  for  3.77  acres,  showing  a 
duty  of  about  150  acres  per  cubic  foot  per  second. 
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Nebraska. 

North  Platte  Irrigation  and  Land  Company  sells  water  rights  for  1.44 
en.  ft.  per  second,  and  prescribes  land  on  which  it  shall  be  used. 

Interstate  Canal  and  Water  Supply  Company  (Wyoming  and  Nebraska) 
agrees  to  furnish  1  in.  per  acre,  or  1  cu.  ft.  per  second  for  60  acres. 
The  legal  season  in  Nebraska  is  200  days — from  April  15th  to 
November  1st.  One  cu.  ft.  per  second  will  cover  60  acres  to  a 
depth  of  7.9  ft.  in  that  time. 

New  Mexico. 

Pecos  Irrigation  and  Improvement  Company  water-right  contracts  pro- 
vide for  the  delivery  of  43  660  cu.  ft.  of  water  per  acre,  sufficient 
to  cover  the  land  to  a  depth  of  1  ft.,  delivered  at  such  times  and 
in  such  quantities  as  may  be  necessary  for  the  proper  irrigation 
of  crops. 

Texas. 

T.  C.  Purdy*s  water-right  contracts  call  for  the  delivery  of  43  660  cu. 
ft.  per  acre,  to  be  delivered  in  not  more  than  five  irrigations  per 
annum. 

Washington. 

Yakima  Investment  Company  contracts  to  deliver  not  to  exceed  1  cu. 
ft.  per  second  per  160  acres,  from  April  1st  to  October  31st.  This 
gives  a  depth  of  2.66  ft. 

Wyoming. 

Wyoming  Development  Company  sells  water  rights,  giving  the  right  to 
part  of  the  total  flow  of  canal. 

Fetterman  Canal  Company  sells  a  water  right  for  each  8  acres,  allow- 
ing a  flow  of  tV  cu.  ft.  per  second.  Wyoming  canals  do  not 
ordinarily  run  more  than  60  days.  In  that  time  this  flow  would 
give  a  depth  of  1.46  ft. 

Oody  Canal  shares  represent  water  for  40  acres,  and  the  quantity 
delivered  is  not  to  exceed  ^  cu.  ft.  per  second.  This  gives  a  depth 
of  1.46  ft.  in  60  days. 

Need  of  Contznutng  the  Investigation. 

The  investigations  of  the  past  year  did  not  deal  with  all  the  factors 
which  influence  the  duty  of  water,  because  time  did  not  permit  of 
their  study.  For  these  reasons,  the  necessity  for  storage  reservoirs 
has  been  left  for  subsequent  study  and  discussion.     The  subject  is 
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of  commanding  importance,  because  it  cannot  be  considered  apart 
from  the  fundamental  question  of  who  is  to  own  or  control  the  stored 
water,  and  likewise  the  stream  from  which  it  is  taken  or  along  which 
it  is  impounded.  Sooner  than  is  generally  realized,  the  public  or 
private  ownership  of  western  rivers  is  destined  to  be  one  of  the  great 
social  and  industrial  questions  of  this  country.  Their  waters  are 
worth  more  than  the  land,  public  or  private,  through  which 
they  flow,  and  the  manner  of  their  disposal  wUl  do  more  to 
shape  western  civilization  and  promote  or  retard  western  develop- 
ment than  all  other  causes  combined.  The  study  of  the  duty 
of  water  is  a  study  of  the  farmer's  needs,  and  it  is  hoped  that 
the  presentation  of  these  needs  wUl  tend  to  promote  the  creation  of  an 
irrigation  system  which  will  make  the  supplying  of  his  necessities  of 
first  importance,  and  be  a  matter  of  just  pride  to  the  nation. 
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THE  IMPROVEMENT  OF  A  PORTION  OF  THE 
JORDAN  LEVEL  OF  THE  ERIE  CANAL. 

Discussion.* 


By  WrLLLkif  B.  Lamdbbth,  M.  Am.  Soo.  C.  E. 


Mr.  Landretb.  WixjIiIAH  B.  Landbeth,  M.  Am.  Soc.  C.  E.  (by  letter). — The  problem 
presented  in  the  improvement  of  the  canal  through  the  marl  beds  was 
that  of  deepening  an  existing  channel  and  not  of  building  a  new  one. 
Owing  to  the  high  and  wide  spoil  banks  formed  by  the  material 
excayated  in  the  first  construction  of  the  canal,  the  general  plan  pro- 
posed by  Mr.  Rafter,  a  wide  channel  with  flat  slopes,  if  adopted  in  the 
1896  improvement,  would  have  proven  more  expensive  than  the  timber 
and  pile  construction. 

No  slides  have  occurred  in  any  portion  of  the  work  described,  where 
struts  were  placed  across  the  prism.  Several  careful  examinations  of 
the  timber  construction,  made  by  the  writer  during  the  past  winter  and 
spring,  show  that  no  movement  of  the  struts  or  slope  wall  has  taken 
place. 

When  the  water  was  let  into  the  canal  in  May,  1898,  a  portion  of 
the  tow-path  bank,  where  only  short  piles  had  been  used  under  the 
slope  wall,  slid  into  the  prism.  This  slide  occurred  in  front  of  the 
Empire  Portland  Cement  Works,  and  was  probably  caused  by  the 
vibration  of  heavy  engines  and  grinding  mills  in  the  works  adjacent  to 
the  tow  path.  Bids  were  asked  for  in  November,  1899,  for  the  repair- 
ing of  this  slide,  upon  plans  identical  with  the  pile  and  timber  con- 

♦  Continued  from  April,  1900,  Proceedings.  See  December,  1899,  Proceedings^  for 
Paper  by  William  B.  Landretb,  M.  Am.  Soc.  C.  E.,  on  tbls  subject. 
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struction  used  in  1897-1898,  but   on  more  stringent    specifications  Mr.  Lan^reth. 
regarding  the  re-excavation  of  material. 

After  several  competent  contracting  firms  had  examined  the  locality, 
plans  and  specifications,  only  one  contractor  submitted  a  bid.  The 
contract  was  awarded  to  him,  and  tlie  work  has  been  completed  in  a 
satisfactory  manner  for  12%  less  than  the  engineer's  preliminary 
estimate. 

The  price  bid  for  bailing  and  draining  on  the  last  contract  amounted 
to  312.50  per  lineal  foot  of  prism,  and,  taking  the  length  of  prism  in 
the  marl  beds  on  the  former  contract  as  2  000  ft. ,  the  bailing  and 
draining  on  that  contract  would  have  cost  S250  000,  at  the  same  rate 
per  foot. 

The  1899  work,  done  by  contract,  on  the  same  plan  as  the  1897  work 
and  under  the  direction  of  the  same  engineer,  cost  about  20^  more  per 
lineal  foot  than  the  1897  work  done  under  ''  force  account." 

The  case  of  the  Canandaigua  Outlet,  cited  by  Mr.  Bafter,  is  not  a 
parallel  case  with  the  marl  bed  work  on  the  Jordan  Level;  the  former 
being  a  dredged  channel  from  which  the  water  is  never  removed. 

The  drainage  ditches,  noted  in  Mr.  North's  discussion  are  of  per- 
manent value  to  the  State  by  lessening  the  saturation  of  the  canal 
banks  and  preventing  the  surface  water  from  entering  the  prism. 

A  calculation  of  the  quantities  on  Contract  No.  4,  based  on  the 
system  of  unit  prices  mentioned  by  Mr.  North,  shows  that  there  would 
have  been  a  difiference  of  about  1^  i^  favor  of  the  contractor,  provided 
the  prices  estimated  and  bid  had  been  the  same  as  by  the  old  method. 

The  discussions  on  quicksand  treat  the  subject  from  scientific  and 
practical  points  and  have  added  materially  to  the  literature  thereon, 
thus  attaining  one  of  the  objects  in  view  in  the  preparation  of  the 
paper. 
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Discussion.* 


By  Gboboe  S.  Websteb  and  SAsniSL  Tobias  WAomsB,  Members,  Am. 

Soc.  C.  E. 


Messrs.        Gbobge  S.  Websteb  and  Samubl  Tobias  Waqneb,  Members,  Am. 

^Sd**^  Soc.  C.  E.  (by  letter).— It  will  be  noticed  by  an  examination  of  Fig. 

Wagner.  4^  which  is  the  main  drainage  plan  of  the  sewers,  that  the  grades  on 
the  main  lines  are  very  light  for  the  conditions  which  had  to  be  met. 
In  place  of  compensating  for  the  velocity  on  the  carves  by  increasing 
the  grades,  it  was  deemed  expedient  to  keep  the  same  rate  of  grade 
throughout  and  add  to  the  velocity  by  reducing  the  friction.  This 
was  done  by  plastering  the  inverts  on  curves  with  Portland  cement 
mortar  J  in.  -thick.  This  plastering  was  usually  done  after  the  invert 
was  laid  and  before  the  centers  for  the  arch  were  placed.  In  the  case 
of  Contract  No.  1  of  the  Callowhill  Street  System  the  work  of  plaster- 
ing was  delayed  until  the  sewage  was  passing  through  the  system, 
with  the  result  already  referi'ed  to  in  the  paper. 

*  This  discussion  (of  the  paper  by  George  S.  Webster  and  Samuel  Tobias  Wagner, 
Members,  Am.  Soc.  C.  E.,  printed  in  the  Proceedings  for  February,  1900),  is  printed  in 
Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members 
of  the  Society  for  further  discussion.  (See  rules  zor  publication.  Proceedings,  Vol. 
XXV,  p.  71.) 

Communications  on  this  subject  received  prior  to  June  22d,  1900,  will  be  printed  In 
a  later  number  of  Proceedings,  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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All  the  brickwork  of  the  sewers,  except  that  in  the  wellholes,  was  MesBrs. 
laid  in  natnral  cement  mortar.    In  the  wellholes,  Portland  cement     ud 
was  specified.    In  all  cases  the  mortar  was  mixed  in  the  proportion  of  ^*c^**^- 
1  part  of  cement  to  2  parts  of  sand.     Briquettes,  1  sq.  in.  in  cross- 
section,  when  made  from  natural  cement  mortar  from  the  mixing  box, 
were  required  to  develop  an  ultimate  tensile  strength  of  40  lbs.,  after 
having  been  1  day  in  the  air  and  6  days  in  water.     In  the  case  of  Port- 
land cement,  under  the  same  conditions,  a  strength  of  150  lbs.  was 
required. 

The  other  requirements  of  the  natural  cement,  which,  of  course, 
represented  the  greater  part  of  the  work,  were  as  follows:  It  shall 
weigh  not  less  than  112  lbs.  per  imperial  bushel.  The  residue  upon  a 
No.  50  sieve  shall  not  exceed  ^%  by  weight,  upon  a  No.  100  sieve  25%, 
and  upon  a  No.  200  sieve  50  per  cent.  Pats  of  cement  i  in.  thick, 
temperature  between  60  and  70^  Fahr.,  shall  develop  initial  set  in  not  . 
less  than  10  minutes  and  hard  set  in  not  less  than  30  minutes,  the 
amount  of  water  used  being  just  sufficient  to  form  a  stiff  plastic  paste. 

The  following  tensile  strengths  were  required: 

24  hours  (in  water  after  hard  set) 75  lbs. 

•    7  days  (1  day  in  air,  6  days  in  water) 150    '* 

28  days  (1  day  in  air,  27  days  in  water) 250    ** 

Mortar  composed  of  1  part  of  cement  and  1  part  of  standard 
quartz  sand  was  required  to  develop  an  ultimate  tensile  strength  of 
75  lbs.  after  7  days. 

All  concrete  used  was  composed  of  1  part  of  natural  cement,  2 
parts  of  sand,  and  4  parts  of  stone  or  furnace  slag. 

The  results  of  all  soundings  made  adjacent  to  the  line  of  the  sewer 
were  platted  on  the  working  drawings  of  the  sewers,  for  the  benefit  of 
the  contractors  in  making  their  estimates.  The  following  note  was 
placed  upon  all  such  plans:  *' Soundings  shown  are  not  guaranteed  or 
binding  upon  the  City  of  Philadelphia."  As  a  result  of  this  note  no 
claims  were  made  where  any  differences  between  the  soundings  and 
the  workings  were  found  to  exist. 

A  summary  of  the  character  of  the  material  encountered  is  ap- 
proximately as  follows:  Beginning  at  Thirteenth  St.,  where  the 
depths  of  the  sewers  were  smallest,  the  excavation  was  through  clay 
and  gravel.  The  invert  of  the  sewer,  however,  usually  rested  upon 
rotten  rock  of  a  micaceous  nature.  The  cross  sewer  on  Fifteenth  St. 
was  mostly  in  gravel,  and  the  workings  naturally  contained  a  consid- 
erable amount  of  ground-water.  On  Sixteenth  St.  a  considerable 
amount  of  rather  hard  micaceous  rock  was  met,  the  invert  being 
entirely  in  this  material.  From  this  point  to  between  Nineteenth  and 
Twentieth  Sts.  clay,  gravel  and  rock  of  varying  degrees  of  hardness, 
irregularly  located,  was  encountered.     On  Seventeenth  and  Eighteenth 
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Meesrg.  Sts.  yery  rotten  micaceous  rock,  acting  like  quicksand,  was  discovered, 
^d  ^  requiring  great  care  in  the  workings.  Between  Nineteenth  and  Twenty- 
Wagner.  geoQud  Sts.,  and  on  the  Twentieth  St.  sewer,  hard  gneiss  was  found. 
As  the  work  approached  the  river  the  rock  gradually  ran  out,  until, 
between  Twenty-third  and  Twenty-fourth  Sts.,  it  had  entirely  disap- 
peared. 

On  Twenty-fourth  St.  from  Callowhill  St.  to  Pennsylvania  Ave. 
reasonably  hard,  and  in  some  cases  very  hard,  gneiss  was  met.  Be- 
neath Pennsylvania  Ave.  was  a  bed  of  gravel,  afterward  discovered  to 
be  of  considerable  extent;  the  sewer  invert,  however,  was  on  rock. 
From  this  point  to  Twenty-ninth  St.  the  excavation  was  through  soft 
micaceous  rock  which  blew  to  pieces  and  came  out  of  the  shafts  to  all 
purposes  in  the  form  of  sand.  From  Twenty-ninth  to  Thirtieth  St. 
the  excavation  was  through  clay  and  gravel,  as  the  sewer  was  not  deep. 

The  character  of  the  rock  east  of  Twenty -ninth  St.  was  the  same  40 
ft.  below  the  surface  as  immediately  under  the  top  soil. 

The  difficulty  of  making  deep  open-cut  excavations  adjacent  to 
buildings,  without  causing  settlement,  is  well  known.  This  is  espe- 
cially true  if  the  foundations  of  the  buildings  be  inadequate,  or  be  upon 
a  formation  which  is  readily  affected  by  the  action  of  the  elements  upon 
exposure,  or  if  the  buildings  be  old  and  poorly  constructed.  In  many 
cases  the  trouble  is  aggravated  if  it  is  necessary  to  use  an  explosive  to 
assist  in  the  removal  of  the  excavated  material. 

If,  on  the  other  hand,  the  excavation  is  made  in  tunnel,  with  care- 
ful timbering  in  soft  material,  or  with  properly  regulated  charges  when 
blasting  through  rock,  the  danger  is  materially  lessened,  especially  if 
all  open  spaces  between  the  structure  which  is  to  be  built  and  the 
surrounding  material  are  compactly  filled  with  masonry,  carefully 
laid. 

The  construction  of  these  sewers  has  been  an  excellent  proof  of  the 
truth  of  this  statement.  Probably  seven-eighths  of  the  entire  line  was 
through  streets  lined  on  either  side  with  buildings  of  all  kinds,  dwell- 
ings, store-houses  and  manufactories.  In  no  case,  where  the  sewers 
were  constructed  in  tunnel,  was  any  damage  done  to  property,  with 
the  exception  of  the  cases  referred  to  in  the  paper.  All  such  damage 
was  caused  by  blasting,  and,  without  doubt,  was  brought  about  by  the 
use  of  unduly  large  charges.  In  the  case  mentioned  in  Contract  No. 
2,  Pennsylvania  Avenue  System,  a  48-in.  water  main,  immediately  over 
the  tunnel,  was  broken  by  blasting,  and  an  ice  manufacturing  plant, 
similarly  situated,  was  compelled  to  stop  work  on  account  of  the  leak- 
age of  the  joints  in  the  ammonia  pipes,  which,  it  was  claimed,  was 
caused  by  the  blasting.  In  this  latter  case  it  was  the  intention  to  re- 
Qiove  the  plant  by  widening  the  street,  so  that  the  damage  was  not 
unexpected.  On  Contract  No.  2,  Callowhill  Street  System,  the  only 
damage  was  caused  by  the  interference  with  the  adjustments  of  very 
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sensitive  machine  tools  in  an  adjoining  plant.     In  this  case,  further  Messrs. 
damage  was  prevented  by  the  Chief  Engineer,  who  gave  instructions     lod 
regulating  the  size  of  the  blasts.     The  damage  in  this  case,  recovered  ^****®*^- 
in  court  from  the  contractor,  amounted  to  1^300,  which  was  the  full 
amount  claimed  by  the  plaintifif.     In  no  case,  where  the  sewers  were 
in  tunnel,  was  there  any  damage  whatever  caused  by  settlement,  nor 
were  any  settlements  in  the  street  paving  afterward  discovered,  except 
in  a  few  cases  over  the  points  where  shafts  had  been  sunk  in  order  to 
reach  the  tunnel. 

The  only  open-cut  work  was  in  comparatively  shallow  depths.  On 
CallowhiU  St.,  between  Twenty- second  and  Twenty-third  Sts.,  there 
was  a  slight  settlement  of  the  curb  and  part  of  the  sidewalk  pavement 
nearest  to  the  trench.  This  was  rectified  by  the  contractor  at  a  slight 
expense. 

On  Twenty-fourth  St.  considerable  damage'to  adjoining  buildings 
was  caused  by  the  construction  of  the  temporary  flume,  because  it  was 
excavated  through  rock,  and,  also,  because  of  the  very  old  and  dilap- 
idated character  of  the  buildings.  The  expense  of  repairing  these 
buildings  was  borne  by  the  contractor,  as  already  stated.  The  location 
of  the  flume  on  the  sidewalk  was  determined  by  the  contractors  as  an 
incidental  to  the  work. 

The  effect  of  the  sub-soil  drainage  upon  the  surrounding  neighbor- 
hood, caused  by  the  construction  of  the  sewers,  has  been  marked.  A 
very  considerable  amount  of  this  water  was  encountered  on  the  cross 
streets  from  Fifteenth  to  Eighteenth  Sts.,  and  was  tapped  into  the 
sewers.  When  the  excavation  for  the  retaining  walls  was  made,  after- 
ward, no  trouble  whatever  was  caused  by  water,  in  many  cases  the 
soil  being  perfectly  dry  where  formerly  running  sand  was  encoun- 
tered. 

It  is  the  purpose  of  the  writers  to  present  in  a  future  paper  a  de- 
scription of  the  construction  of  the  Subway  and  Tunnel  proper,  in 
which  the  work  of  underpinning,  the  construction  of  the  retaining 
walls  and  the  bridges,  as  well  as  the  special  railroad  and  municipal 
features  of  the  operation,  will  be  elaborated. 
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EXPERIMENTS  ON  THE  FLOW  OF  WATER  IN  THE 

SIX-FOOT  STEEL  AND  WOOD  PIPE   LINE 

OF  THE  PIONEER  ELECTRIC  POWER 

COMPANY,  AT  OGDEN,  UTAH. 

SECOND  SERIES. 

Discussion.* 


By  Messrs.  Chables  W.  Shebican  and  G.  S.  Wiluams. 


Mr.  Sherman.  Chables  W.  Shebman,  Jun.  Am.  Soo.  C.  E.  (by  letter). — Mr. 
Bafter's  discussion  on  the  effect  of  animal  and  vegetable  life  on  the 
discharging  capacity  of  a  pipe  is  very  interesting,  bnt  needs  to  be 
supplemented  by  records  of  actual  observation  of  the  presence  or 
absence  of  such  growths.  The  writer  submits  these  few  lines  in  the 
hope  of  adding  his  mite  to  the  meager  data  on  this  subject. 

Late  in  the  year  1894,  a  36-in.  force  main  was  laid  from  the  Chest- 
nut Hill  Pumping  Station  to  the  Fisher  Hill  Reservoir  of  the  Boston 
Water- Works,  the  distance  being  something  over  a  mile.  Early  in 
the  following  year,  during  a  test  of  the  new  Leavitt  pumping  engine, 
observations  of  the  loss  of  head  were  taken  at  three  points  in  a  length 
of  about  5  000  ft. ,  from  which  it  was  found  that  the  coefficient  c  of  the 
Chezy  formula  was  136,  v  being  4.7  ft.  per  second,  or  about  what 
would  be  expected  for  a  new  cast-iron  pipe  of  this  size.  A  year  later, 
or  early  in  1896,  an  extensive  series  of  experiments  on  the  friction 

*ContiDued  rrom  April,  1900,  Ptoceedinga.  See  February,  1900,  Proceedings^  for 
paper  by  Charles  D.  Marx,  M.  Ain.  Soc.  C.  E.;  Charles  B.  Wing,  Assoc.  M.  Am.  Boc.  C. 
E.,  and  Leander  M.  Hoskins,  C.  E.,  on  this  subject. 
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loss  in  this  pipe  was  made  by  the  writer,  under  the  direction  of  Mr.  Sherman. 

Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E.,  with  velocities 

ranging  from  1.1  to  4.5  ft.  per  second.     It  was  supposed  that  the  pipe 

was  in  about  the  same  condition,  but  the  results  showed  a  coefficient 

of  about  113,  a  great  loss  within  a  single  year.      This  result  was  so  far 

from  that  expected  that  the  pipe  was  partly  drained,  and  entered  at 

the  upper  end.     Only  a  small  amount  of  tuberculation  was  found,  but 

the  whole  interior  surface  was  covered  with  a  slimy  substance  which 

proved  upon  examination  to  consist  almost  wholly  of  the  polyzoon 

FrederioeUa,     In  1897,  another,  experiment,  in  which  v  was  3.2  ft.  per 

second,  showed  c  to  be  about  114.     It  thus  appears  that  there  was  a 

great  change  in  the  capacity  of  the  pipe  in  the  first  year  after  it  was 

laid,  and  practically  none  in  the  year  following. 

Late  in  1897,  this  pipe  was  cut  into,  for  the  purpose  of  making 
connections  near  the  pumping  station,  and  an  examination  of  the 
interior  surface  at  this  point  showed  that  practically  the  same  con- 
ditions obtained.  If  anything,  the  organic  growth  was  somewhat 
thicker,  as  was  to  be  expected,  this  being  nearer  the  source  of  the 
food  supply. 

It  seems  to  the  writer  that,  with  New  England  surface  waters, 
which  contain  more  or  less  organic  matter,  such  as  algse,  to  furnish 
food  for  them,  growths  of  polyzoa  on  the  interior  of  the  pipes  are  to 
be  expected,  and  the  result  will  be  a  large  diminution  of  the  capacity 
of  the  pipes  within  the  first  year.  After  that  there  will  be  a  further 
gradual  diminution  of  capacity  due  to  the  slow  increase  of  tuber- 
culation. With  ground-waters  or  filtered  waters,  which  have  not  been 
exposed  to  the  light,  such  growths  will  probably  not  occur,  as  food 
for  the  polyzoa  will  be  lacking.  The  experience  in  Brookline,  which 
has  a  ground- water  supply,  and  where  such  growths  have  not  been 
observed,  seems  to  bear  out  this  opinion. 

Gabdneb  S.  WiiiiiiAMS,  M.  Am.  Soc.  C.  E.  (by  letter).— -On  page  506  Mr.  wiliiamg. 
of  the  writer's  discussion  in  the  April  number  of  Proceedings,  the  co- 
efficient of  the  equation  in  the  third  paragraph  has  been  erroneously 
computed.  The  equation  in  its  correct  form  would  be  -HJ.  =  2.8643  H^. 
This  changes  Fig.  4,  Plate  XXIII,  by  making  the  equation  showing  in- 
creased loss  of  head  due  to  tunnel  =  Hf=  (8.74  —  8.25)  H^  =  0.49  H^, 
whence  the  increased  loss  of  head  in  Sections  3-4  and  4-5  combined, 
due  to  the  presence  of  the  tunnel,  amounts  to  about  6%',  not  60^  as 
incorrectly  stated  on  page  508.  These  are  errors  for  which  the  writer 
alone  is  responsible.  Their  discovery  came  too  late  for  correction  in 
the  April  number  of  Proceedings. 
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THE  PRACTICAL  COLUMN  UNDER  CENTRAL  OR 
ECCENTRIC  LOADS. 

Discuaeion.* 


Bj  Ebnst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E. 


Kr.  Jonson  Ebnbt  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— The  author 
states  that  the  curve  of  flexure  of  a  column  of  uniform  cross-section 
and  elasticity  is  a  curve  of  sines  only  when  the  eccentricity  of  loading 
Ib  infinitely  small. 

The  writer,  therefore,  would  caU  attention  to  the  fact  that  the  nature 
of  the  curve  is  in  nowise  changed  by  increasing  the  eccentricity.  Con- 
sidering the  line  in  which  the  external  forces  act,  as  the  axis  of  abscissas, 
the  bending  moment  is  still  proportional  to  the  ordinate.  Hence,  no 
matter  how  great  the  eccentricity  may  be,  the  curve  is  a  curve  of  sines, 

the  equation  of  which  is  

X      I    w 

where  x  is  abscissa,  y  ordinate,  D  maximum  ordinate,  r  radius  of  gyra- 
tion, w  load  per  unit  of  cross-section  area,  and  E  modulus  of  elasticity. 
For  maximum  w 

B^^-L II 

a  w 

^his  discussion  (of  the  paper  by  J.  M.  Moncrieff,  M.  Am.  Soc.  C.  £.,  printed  in 
the  Proceeding*  for  March.  1900)  is  printed  in  Proceeding*  in  order  that  the  views 
expressed  may  be  brought  before  aU  members  of  the  Society  for  further  discussion. 
^See  rules  for  publication.  Proceedings^  Vol.  zzv,  p.  71.) 

Communications  on  this  subject  received  prior  to  June  flSd,  1900,  will  be  printed 
in  a  later  number  of  Proceeding*^  and  subsequently  the  whole  discussion  will  be 
published  in  Tran9action*. 


=  Dcos.  -^.-^ 
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wheie  a  is  dislanoe  to  extreme  fiber  and  «  =  p  —  w  when  p  —  tc  ^  Mr.  Jonson. 

i  -{-  Wj  or  =  t  +  vo  when  p — w^  t  +  w,p  being  the  proportional  limit 

in  compression  and  t  the  proportional  limit  in  tension. 

Hence,  

r^  B         X     \  w  __ 

y  = COS.  — .    -^ m 

^       aw  r\ E 

If  y  is  given,  the  value  oi  e  =  c  +  6,  c  being  the  equivalent  eccen- 
tricity, and  b  the  intentional  eccentricity,  x  becomes  the  length  of  the 
elementary  column,  t.  e  ,  the  column  fixed  at  one  end  and  free  at  the 
other.     We  have  then 

,.»•■«            I      I  w  _- 

c-f.  &  = COS.  — -^   -=- IV 

'  aw  r \ E 

=  rfKcos'^y^(c+b) V 

It  seems  to  the  writer  that  this  more  correct  formula  is  just  as 
aimple  as  the  one  proposed  by  the  author. 

Apart  from  its  mathematical  form  the  foregoing  formula  differs  from 
that  of  the  author  in  that  it  makes  the  maximum  load  a  function,  not  of 
the  ultimate  strength  of  the  material,  but  of  the  proportional  limit. 
When  this  limit  has  been  passed  at  the  point  of  greatest  bending  the 
deflection  increases  very  rapidly,  owing  to  the  decrease  of  the  modulus 
of  elasticity.  If  the  eccentricity  is  very  small  a  very  smaU  addition  to 
the  load  will  produce  an  infinite  deflection.  If  the  eccentricity  is  larger, 
the  extent  to  which  the  column  may  be  strained  beyond  the  propor- 
tional limit  also  becomes  larger.  Until  this  point  has  been  deter- 
mined we  must,  however,  regard  the  proportional  limit  ad  the  deter- 
mining factor  in  calculating  the  strength  of  columns. 

That  the  strength  of  centrally -loaded  columns  is  quite  independent 
of  the  ultimate  strength  of  the  material  has  been  experimentally 
demonstrated  by  M.  Consid^re.  He  found  that  colunms  of  steel,  with 
a  proportional  limit  of  71  OjQ  lbs.  and  an  ultimate  strength  of  88  600 
lbs.  per  square  inch,  were  over  10^^  stronger  than  columns  of  steel, 
which  had  a  proportional  limit  of  64  000  lbs.  and  an  ultimate  strength 
of  98  000  lbs.  per  square  inch. 

From  the  fact  that  the  deflection  of  a  column  is  proportional  to  the 
eccentricity  of  the  load,  other  things  being  equal,  the  author  argues 
that  in  designing  a  column  it  is  necessary  to  guard  against  two  totally 
independent  modes  of  failure,  viz.,  failure  by  excessive  intensity  of 
fiber  stress,  and  failure  by  instability.  He  accordingly  proposes  the 
use  of  two  formulas  (7  and  2),  or  rather  two  forms  of  one  formula,  the 
second  being  nothing  but  the  special  form  which  the  first  assumes 
when  the  equivalent  eccentricity  is  reduced  to  zero.  This  is  clearly 
unnecessary.    If  a  column  is  strong  enough  to  sustain  a  certain  load 
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Mr.  Jonson.  eccentrically  applied,  it  is  also  strong  enough  when  this  load  is 
applied  exactly  in  the  axis  of  the  column. 

In  Fig.  46,  the  curve  of  Formula  2  falls  below  that  of  Formula  7  when 

—  >•  88.     But  this  is  due  to  the  application  of  a  factor  of  safety  to  j&  in 

the  former  formula.    If  the  same  factor  of  safety  had  been  applied  to 
Ein  both  formulas,  Curve  2  would  always  have  been  above  Curve  7. 

The  formula  here  g^ven  was,  as  far  as  the  writer  knows,  first  applied 
to  experimental  results  by  A.  Marston,  Assoc.  M.  Am.  Soc.  C.  E.  Mr. 
Marston,  the  same  as  the  author,  proposes  a  constant  value  for  the  rela- 
tion — ^.     This  implies  that  a  short  column  is  more  likely  to  be  imper- 

feet  than  a  long  one. 

It  seems  to  the  writer  that  the  amount  of  imperfection  in  a  column 
ought  to  be  proportional  to  the  length,  hence,  since  the  effect  of  imper- 
fection is  also  as  the  length,  the  equivalent  eccentricity  ought  to  be  pro- 
portional to  the  square  of  the  length  of  the  column. 

Now,  if  P  were  introduced  into  the  cyclometrical  function  of  the 
formula,  it  could  not  be  solved  conveniently.     We  will,  therefore,  sub- 


stitute the  value  — ,  thus  making  c  ■. 
to 


,  where  A:  is  the  empirical 

aw'  '^ 

constant,  the  coefficient  of  imperfection,  and  consequently  Equation  V 
becomes 

'  k       ab  w^ 
+ 


-JI---C 


VI 


How  this  conclusion  agrees  with  experience,  may  be  se^i  from  Table 
No.  5,  which  shows  the  coefficient  of  imperfection  of  some  of  the  round- 
ended  wrought-iron  columns  tested  by  Mr.  James  Christie.  This  table 
seems  to  show  that  we  come  much  nearer  the  truth  by  assuming  A;  to  be 
a  constant  than  when  we  make  it  a  variable,  proportional  tow.  A  very 
close  agreement,  of  course,  cannot  be  expected. 

TABLE  No.  5. 


No. 

I 

r 

•        IT. 

k. 

Averages. 

821 

44 

87148 

662 

828 

44 

82  000 

4480 

220 

68 

82  900 

2170 

8988 

214 

80 

24188 

8209 

219 

81 

26  417 

4270 

206 

129 

18  482 

8772 

' 

216 

188 

18112 

1901 

8506 

201 

179 

7874 

2160 

207 

187 

7289 

2198 

208 

229 

4868 

2159 

81B0 

22R 

806 

2  740 

2244 

1              8486 

206 

806 

2  476 

4627 
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RECENT  STADIA  TOPOGRAPHIC  SURVEYS:  NOTES 

RELATING  TO  METHODS  AND  COST. 

Discussion.* 


By  Messrs.  Emil  Low,  John  F.  WAiJiAcs,  HbnbyB.  Maoob,  B.  S.  Buck, 
Henry  Goldhabk,  A.  J.  Himes,  R  A.  MaoGbeoob,  Kenneth  Ai^lbn 
and  Waoeb  Fisheb. 


Mr.  Low.  EMUiE  Low,  M.  Am.  Sec.  C.  E.  (by  letter). — This  paper  recalls  to 
the  writer  two  topographical  surveys  made  by  him  several  years  ago. 
One,  a  survey  of  Prince's  Flats  and  vicinity,  Wise  County,  Va.,  and 
the  other,  a  portion  of  the  property  of  the  Mathieson  Alkali  Works,  at 
Saltville,  in  Smyth  and  Washington  Counties,  Ya. 

Prince's  Flats  is  now  called  Norton,  and  is  the  junction  of  the  Nor- 
folk and  Western  and  Louisville  and  Nashville  Bailroads.  It  com- 
prises a  stretch  of  land  between  the  Goest's  and  Powell  Bivers,  which 
streams  rise  to  the  north  of  the  town,  flowing  southward  almost 
parallel  to  one  another  only  a  few  miles  apart,  and  at  Norton  turn, 
the  former  flowing  to  the  east,  the  latter  to  the  west. 

At  the  time  of  the  survey,  part  of  Prince's  Flats  consisted  of  a 
little  cleared  land,  the  remainder  and  the  adjoining  country  being  a. 
virgin  forest  and  a  howling  wilderness.  The  Norfolk  and  Western 
Bailroad  Company  had  obtained  an  option  on  the  land,  which  had  been 
selected  for  a  town  site  and  junction  point.     Before  acquiring  the 

*  This  discussion  (of  the  paper  by  William  B.  Landrelh,  M.  Am.  Soc.  C.  £.,  printed 
in  the  Proceedings  for  March.  1900)  Is  printed  in  Proceedingn  in  order  that  tne  viewir 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication.  Proceedings^  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  June  SSd,  1900,  will  be  printed  in 
a  later  number  of  Proceedingsy  and  subsequently  the  whole  discussion  will  be  publidbed 
in  Transctciions. 
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land  the  compaDy  desired  to  have  a  topographical  surrey  made,  and  Mr.iLow. 
this  dnty  was  assigned  to  the  writer.  The  option  had  only  a  short  time 
to  run,  and  it  became  imperative  to  make  the  survey  and  map  in  the 
shortest  possible  time.  The  survey  was  made  in  one  month  by  a  small 
party  organized  for  this  purpose  and  consisting  of  an  assistant  engi- 
neer, transitman,  ohainmen,  back  flag  and  axemen. 

The  area  to  be  surveyed  was  about  2  miles  long  and  nearly  }  mile 
wide,  and  consisted  of  several  tracts  of  land,  on  one  of  which  the 
boimdary  line  had  been  run  out  by  a  local  land  surveyor.  The  terri- 
tory was  quite  rugged,  the  difference  in  elevation  between  the  lowest 
and  highest  points  being  about  800  ft.  Many  of  the  slopes  ranged 
from  30  to  45  degrees. 

A  wagon  road  ran  through  the  property  from  one  end  to  the  other, 
cutting  it  into  two  nearly  equal  parts,  and  it  was  decided  to  use  this 
for  the  location  of  a  base  line.  A  transit  line,  marked  by  stakes  at 
100-ft.  intervals,  was  run  along  the  road,  and  from  this  base  line, 
especially  on  the  north  side,  spur  lines  were  run  up  the  various  water 
courses  and  also  along  the  tops  of  ridges  and  crests.  On  the  south 
side  additional  base  lines  were  run,  generally  parallel  with  the  main 
base.  The  boundary  lines  were  also  re-run,  and  on  all  lines  stakes 
were  placed  at  100-ft.  intervals.  Nearly  all  the  lines  were  carefully 
levelled  over  with  a  wye  level,  and  elevations  of  all  stations  were 
taken,  as  well  as  of  intermediate  points,  where  necessary.  A  few  of 
the  auxiliary  lines  were  run  by  a  second  party,  which  happened  to  be 
on  the  ground  at  the  time,  making  surveys  for  the  proposed  railroad. 

After  the  levels  had  been  run,  the  topography  was  taken.  This 
included  all  the  natural  as  well  as  the  few  artificial  features  which 
existed,  also  the  contours,  which  were  taken  at  5-ft.  intervals. 

The  contours  were  taken  by  means  of  a  hand  or  Locke  level,  the 
actual  elevation  ending  in  0,  and  5  ft.  being  ascertained  on  the  ground 
and  the  distances  from  the  center  line  noted.  All  measurements  and 
observations  were  taken  on  lines  at  right  angles  to  the  base  line. 
Some  of  the  cleared  areas  were  surveyed  by  the  stadia  method,  in 
much  the  same  manner  as  outlined  in  the  paper. 

The  work  of  running  the  base  lines,  taking  the  levels  of  the  same 
and  the  topography,  so-called,  was  all  done  by  one  and  the  same 
party,  each  part  of  the  work  being  taken  up  in  regular  sequence. 
The  plotting  was  not  done  in  the  field,  but  at  a  neighboring  farm 
house,  on  an  improvised  drawing  table,  after  the  base  lines  had  been 
run,  and  while  the  levelling  and  topographical  work  was  in  progress. 

The  methods  used  in  this  survey  gave  very  close  results,  it  being 
especially  desired  that  the  location  of  the  contour  lines  should  be 
quite  accurate,  it  being  the  intention  to  utilize  the  survey  in  laying 
out  the  town  site,  later  on.  A  less  accurate  survey  would  have  neces- 
sitated a  sesond  survey  as  a  basis  for  laying  out  the  streets.      The 
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Mr.  Low.  streets  were  laid  out  several  years  after  the  snryey  was  made,  and  it 
may  be  of  interest  to  note,  that  very  few,  if  any,  changes  or  variations 
from  the  paper  projection  were  required,  showing  remarkable  accuracy 
in  the  contour  work,  which  is  especially  noteworthy,  when  it  is 
recalled  that  the  area  was  densely  wooded  and  covered  with  a  thick 
growth  of  underbrush  and  laurel.  The  surveyed  area  comprised  about 
2  sq.  miles,  and  the  cost  of  the  survey  approximated  $600,  or  $300  per 
square  mile. 

The  other  survey  was  that  of  a  portion  of  the  lands  of  the  Mathieson 
Alkali  Works,  at  Saltville,  Ya.  This  land  formerly  belonged  to  the 
Holston  Salt  and  Plaster  Company,  a  corporation  engaged  in  the  man- 
ufacture of  salt.  The  Mathieson  Alkali  Works  secured  the  property 
for  the  purpose  of  erecting  thereon  a  plant,  for  the  manufacture  of  soda- 
ash  and  allied  products.  The  contemplated  works  were  to  be  very  ex- 
tensive and  to  employ  a  large  force  of  men.  As  the  old  company  had 
no  maps  of  their  property,  on  which  the  various  salt  furnaces,  salt 
wells,  houses  and  other  improvements  were  located,  the  new  company 
decided  to  have  a  complete  topographical  survey  made,  and  this  duty 
devolved  upon  the  writer. 

The  survey  generally  comprised  the  valley  of  the  Mill  Spring 
Branch,  as  the  stream  was  called  locally.  In  this  valley  were  situated 
the  salt  wells,  and  along  the  edges  the  various  improvements,  the 
whole  valley  being  rimmed  in  by  hills  nearly  300  ft.  high.  The  Salt- 
ville Branch  of  the  Norfolk  and  Western  Railroad  skirted  the  west  side 
of  the  valley.  The  survey  also  included  part  of  the  valley  of  the 
Holston  Biver,  on  the  banks  of  which  the  works  of  the  company  are 
located. 

In  this  case,  also,  it  was  desired  to  have  an  accurate  survey  of  the 
property,  and  especially  one  which  would  show  the  true  location  of 
the  contour  lines.  It  was  an  ideal  piece  of  country  for  a  stadia  survey, 
^  being  entirely  devoid  of  timber,  the  land  not  occupied  being  used  for 
grazing  cattle.  Owing  to  the  many  artificial  features  involved,  it  was 
not  considered  advisable  to  use  the  stadia  method,  but  to  use  instead 
that  generally  adopted  on  railroad  surveys. 

As  at  Prince's  Flats  (or  Norton),  base  lines,  marked  by  stakes  set 
every  100  ft.,  were  run  in  suitable  and  selected  places.  For  instance, 
one  was  run  up  the  middle  of  the  valley,  another  along  the  railroad 
track,  and  others  were  run  along  the  dififeront  highways,  along  the  foot 
of  the  hills  which  skirted  the  valley,  some  higher  up  the  hill  sides,  and 
some  along  the  tops.  Care  was  taken  to  run  lines  wherever  possible 
along  the  ridges  or  high  ground  and  as  nearly  as  possible  at  right 
angles  to  the  slopes.  Spur  lines  were  run  where  necessary  along  small 
streams  and  up  ravines.  All  lines  were  run  with  a  transit,  and,  in  all 
but  a  few  instances,  formed  closed  circuits,  which  usually  closed 
exactly  or  with  a  variation  of  a  few  minutes  only.     Each  line  was 
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marked  with  a  distinctive  letter,  for  the  purpose  of  identification  on  Mr  Low. 
the  gronnd. 

Levels  were  ran  over  these  lines,  the  elevations  of  all  stations  being 
taken.  The  levels  checked  closely,  the  variations  not  exceeding  a  few 
hundredths  of  a  foot. 

The  topography  was  all  taken  by  the  offset  method,  that  is,  on  lines 
at  right  angles  to  the  bases,  and  at  the  regular  stations,  placed,  as 
^ated,  at  100- ft.  intervals,  and  in  a  few  instances  at  50-ft.  intervals. 

All  buildings  of  every  kind  were  located,  two  measurements  to  each 
being  taken,  one  the  distance  from  the  base  line  on  range  of  one  of  the 
sides  of  the  building  to  the  corner,  and  the  other  from  the  same  comer 
to  the  nearest  station,  the  station  and  plus,  where  the  range  cut  the 
center  line,  being,  of  course,  also  noted.  The  size,  character,  etc.,  of 
t^e  building  was  also  noted.  The  contours  were  taken,  as  at  Prince's 
Flats,  by  a  hand  leveL 

The  maps  were  plotted  to  a  scale  of  200  ft.  to  1  in.,  or  j-^05.  The 
map  sheets  were  19  x  24  ins.  in  size,  fitted  together  at  the  adjoining 
edges  by  crosses.  The  lines  were  plotted  by  means  of  a  large  paper 
protractor,  using  a  standard  meridian,  to  which  the  lines  were  referred. 
The  main  base  line,  extending  from  the  Holston  River  to  Buena  Vista, 
a  distance  of  about  3  miles  was  checked  carefully  by  means  of  latitudes 
and  departures.  As  nearly  all  the  other  lines  were  on  closed  circuits, 
tied  to  the  main  base,  the  plotting  could  be  checked  in  those  instances, 
and  it  usually  closed  remarkably  well.  Upon  the  completion  of  the 
maps,  a  tracing  of  the  whole  area  was  made. 

The  area  surveyed  was  about  3  sq.  mUes.  The  cost  was  about  $900, 
or  $300  per  square  mile.  This  is  hardly  a  fair  way  to  express  the  cost,  as 
the  areas  were  comparatively  small,  and,  also,  on  account  of  the  large 
amount  of  detail  taken,  which  is  not  the  case  in  making  surveys 
covering  large  areas,  devoid  of  many  artificial  features,  where  only 
salient  points  are  taken  and  the  intervening  portions  sketched  in  or 
interpolated. 

John  F.  WAUiACE,  President,  Am.  Soc.  C.  E. — The  speaker  was,  for  Mr.  Wallace, 
a  short  time,  Vice-President  and   Manager  of  the  Mathieson  Alkali 
Works.     One  of  the  first  pieces  of  information  which  he  desired  was  a 
map  showing  the  location  and  physical  features  of  the  property,  and 
the  results  of  Mr.  Low's  topographic  survey  were  brought  to  him. 

The  company  owned  from  13  000  to  14  000  acres  of  land,  and  had 
established,  on  the  banks  of  the  Holston  River,  a  plant  for  the  manu- 
facture of  soda-ash  and  its  allied  products.  The  total  amount  invested 
in  plant  and  machinery  was  about  $3  000  000. 

The  works  were  laid  out  originally  by  an  English  engineer,  who 
had  carried  out  the  idea  of  the  English  industrial  village.  Each  class 
of  employees  had  its  own  settlement.  The  superintendents  of  depart- 
ments had  one  section  of  a  valley  to  themselves;  the  carpenters  and 
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Mr.  viTaUace.  the  foremen  of  certain  departments  had  another  valley;  the  laborers 
in  certain  parts  of  the  process  still  another  valley;  and  the  ordinary 
laborers  another.  The  location  of  the  buildings,  the  side-tracks,  the 
drainage  and  other  improvements,  which  were  being  considered  and 
discassed  continually,  made  a  map  of  this  kind  an  essential  feature  of 
the  economical  management  of  the  property. 

For  the  area  covered,  the  speaker  has  never  known  of  a  more  com- 
plete or  accurate  topographic  survey  than  that  by  Mr.  Low.  He  has 
had  occasion  to  test  it  in  innumerable  ways,  and,  to  his  pleasure,  has 
never  found  any  errors.  In  the  consideration  of  various  projects  for 
the  development  of  the  property,  the  location  of  roads,  side-tracks, 
trestles,  and  apparatus  to  take  care  of  the  waste  products,  etc.,  he  was 
able  to  make  profiles  in  any  desired  direction,  and  the  assistance  given 
by  the  information  embodied  in  this  survey  was  so  great  that  the 
speaker  has  always  felt  indebted  to  Mr.  Low  for  it,  and  takes  this 
opportunity  to  pay  him  a  tribute.  A  great  many  eng^ineers,  like  Mr. 
Low,  spend  their  lives  in  obscure  sections  of  the  country,  and  we 
never  hear  of  them.  The  faithfulness  with  which  they  carry  out  their 
work  is  never  known.  It  is  with  pleasure,  therefore,  that  the  speaker 
calls  attention  to  the  accuracy  of  this  particular  survey. 
Mr.  Magor.  HbnbyB.  Maoob,  Jun.  Am.  Soc.  G.  E. — The  speaker  was  engaged 
in  making  the  survey  for  the  Hankow  and  Canton  Railway,  in  China, 
of  which  William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.,  was  chief  engi- 
neer. Before  sailing  for  China  it  was  a  question  as  to  what  kind  of  a 
survey,  or,  in  fact,  whether  any  survey  whatever,  could  be  made.  Mr. 
Parsons,  however,  decided  that  a  stadia  survey  was  the  only  one 
practicable.  The  party  consisted  of  a  chief  of  party,  a  topographer, 
an  instrument  man  and  two  rodmen. 

Before  leaving  Hankow  it  was  considered  absolutely  necessary  to 
check  all  the  instruments  and  measure  the  rods.  The  latter  was  done 
by  laying  out  a  long  base  line  on  the  Bund  (the  principal  street  in 
Hankow).  With  the  assistance  of  some  of  the  native  policemen,  and 
with  three  days*  work,  the  subdivision  of  the  rods  was  made  exactly 
right.  This  was  an  important  preliminary  as  the  readings  on  the 
survey  were  not  to  be  checked,  and  if  the  rods  had  not  been  correct 
there  would  have  been  a  large  cumulative  error  in  the  total  length  of 
the  survey,  742  miles. 

Stadia  readings  were  taken  for  the  distances,  and  the  levels  were 
taken  by  stadia  readings  and  vertical  angles,  and  the  courses  from  the 
compass.  The  distance  was  covered  in  75  working  days,  making  an 
average  of  about  10  miles  a  day. 

At  the  beginning  of  the  survey  a  sight  was  taken  on  a  pagoda,  the 
latitude  and  longitude  of  which  had  been  accurately  determined  to 
seconds  by  the  Customs  Department.  At  the  end  of  the  survey  a 
sight  was  taken  on  another  pagoda,  the  location  of  which  had  also 
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been  BimilarlT  determined.     The  latitudes  and  departures  were  then  Mr.  Ma^or. 
worked  out  and  the  total  distance  ohecked  within  less  than  2  000  ft., 
or  less  than  i  mile  in  742  miles,  which  shows  how  accurate  a  stadia 
survey  can  be  made. 

The  sights  averaged  about  1  500  ft.,  but  one  (when  it  was  necessary 
to  get  away  from  a  crowd  in  a  hurry)  was  as  great  as  6  500  ft.  When- 
ever it  was  possible,  solar  observations  were  taken  to  determine  the 
declination  of  the  needle.  The  first  reading  was  45  minutes  west,  and 
zero,  or  the  magnetic  meridian,  was  passed  when  about  three-quarters 
of  the  distance  had  been  traversed.  Thus,  fortunately,  there  were 
practically  no  correction  s  to  be  made  in  reckoning  the  latitudes  and 
departures. 

The  levels,  of  course,  could  not  be  expected  to  check,  in  fact,  no 
attempt  was  made  to  check  the  readings  for  elevation.  The  line  was 
merely  run  from  one  point  to  another,  the  object  in  taking  any  levels 
whatever  was  to  determine  any  particular  gradient  over  a  summit,  and 
this,  of  course,  was  accomplished  satisfactorily.  The  levels,  however, 
checked  reasonably  well  with  the  barometric  readings  on  the  summit, 
which  was  about  1  000  ft.  above  the  sea;  but  neither  of  these  results 
could  be  relied  upon,  as  they  were  only  approximate. 

The  stadia  rods  were  15  ft.  in  length,  and  in  measuring  very  long 
distances  half  the  wire  interval  was  used  and  then  the  remainder  was 
determined  by  the  gradienter.  Corrections  of  the  distance  for  differ- 
ences in  elevation  were  not  made.  At  certain  places  where  the 
vertical  angle  was  great,  the  correction  of  the  distance  was  computed* 
but  was  so  small  that  it  would  have  been  of  no  importance  on  a  survey 
of  this  kind. 

B.  S.  Buck,  M.  Am.  Soc.  C.  £. — In  the  Government  survey  of  the  Mr.  Back. 
Bed  Biver  it  was  endeavored  to  limit  the  length  of  the  sights  to  about 
600  or  700  m.     The  longest  sight  was   about  1  000  m.,  but  in  such 
long  sights  there  was  a  likelihood  of  considerable  error. 

All  the  speaker's  stadia  work  has  been  done  in  level  country,  and  he 
would  like  to  inquire  as  to  what  extent  corrections  for  distance  are 
applied  in  making  surveys  in  very  hilly  country. 

Henby  GoiiDMABK,  M.  Am.  Soc.  C.  E. — In  the  work  in  the  Bocky  Mr.  Gtoldmark. 
Mountains,  with  which  the  speaker  was  connected,  the  stadia  was  only 
used  to  a  small  extent.  John  Q.  Barlow,  M.  Am.  Soc.  C.  E.,  did  the 
instrumental  work  and  made  some  very  rapid  surveys  by  that  method 
He  also  surveyed  some  of  the  auxiliary  reservoirs  (not  yet  built)  of  the 
Ogden  power  plant  by  stadia,  but  the  principal  reservoir  site  was  sur. 
veyed  by  the  ordinary  railroad  methods,  that  is,  by  base  lines  and  by 
secondary  lines  at  right  angles  to  these  bases,  all  elevations  being 
taken  with  a  level. 

There  is  no  doubt  that  the  stadia  method  would  have. been  much 
more  rapid  and  economical  than  the  method  adopted  for  that  survey 
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Mr.  Qoidmark.  and  would  have  been  snfficienilj  accurate.  The  surreys  were  very 
good,  but  the  speaker  has  always  considered  them  as  more  expensive 
than  was  necessary. 
Mr.  Himes.  A.  J.  HnoES,  M.  Am.  Soc.  C.  E.— In  making  the  United  States  Deep 
Waterways  Surreys  for  a  30-ft.  canal  along  the  Oswego-Mohawk 
route,  the  territory  was  divided  into  two  parts,  known  as  the  Eastern 
and  Western  Divisions,  and  the  survey  of  each  part  was  made  by  a 
separate  corps  of  engineers.  The  dividing  line  was  at  Herkimer,  a 
few  miles  west  of  Little  Falls. 

The  route,  on  the  Western  Division,  followed  the  Oswego  River, 
Oneida  Lake,  Mohawk  River  and  connecting  lines,  a  total  distance  of 
about  91  miles.  The  work  on  this  division  included  the  necessary 
harbor  surveys  at  Oswego,  soundings  in  Oneida  Lake  and  the  various 
streams,  the  triangulation  of  Oneida  Lake,  covering  an  area  of  about 
78  sq.  miles,  a  complete  system  of  test  borings  and  about  120.7  sq. 
miles  of  topography.  The  topography  was  taken  with  the  stadia,  in 
accordance  with  instructions  issued  by  the  United  States  Board  of 
Engineers  on  Deep  Waterways. 

A  base  line  was  measured  along  the  route,  and  Oneida  Lake  was 
covered  with  a  chain  of  quadrilaterals.  This  base  line  and  triangula- 
tion formed  the  foundation  of  the  survey. 

Method. — The  manner  of  taking  the  topography  was:  To  start  from  an 
instrument  point  on  the  base  line,  with  the  base-line  azimuth,  and  run 
a  circuit  through  the  territory  to  be  covered,  returning,  generally 
within  a  distance  of  2  miles,  to  the  base  line  and  checking  the  azimuth 
on  the  nearest  base  line  point. 

The  courses  in  the  circuit  were  all  measured  with  the  stadia,  except- 
ing those  belonging  to  the  base  Une,  which  necessarily  formed  a  part 
of  the  closed  circuit. 

The  distances  and  vertical  angles  were  read  twice,  once  as  a  foresight 
and  once  as  a  backsight,  and  the  mean  of  both  was  used  in  plotting. 

As  each  instrument  point  was  occupied  in  running  the  circuit, 
readings  were  taken  all  around  the  circle,  on  all  objects  of  topography, 
natural  or  artificial,  which  could  have  any  bearing  upon  the  proposed 
plans  and  estimates. 

A  sufficient  number  of  readings  was  taken  to  permit  the  develop- 
ment of  contours  having  a  vertical  interval  of  2  ft. 

All  buildings,  roads,  railoads,  property  lines,  ditches,  canals, 
streams,  high-water  marks,  orchards,  swamps  and  rock  outcrops  were 
located,  and  notes  were  made  of  the  character  of  the  soil  and  sub- 
strata where  exposed. 

Sketches  were  carefully  made  in  the  field  books,  and  were  found  to 
be  of  great  service  in  plotting.     Each  stadia  reading  was  numbered, 
—  beginning  each  morning  with  number  one,  and  the  locations  of  the 

principal  readings,  with  their  numbers,  were  shown  on  the  sketches. 
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Each  party  was  sapplied  in  advance  with  a  list  of  data  for  nse  in  Mr.  Himes. 
the  locality  where  it  was  at  work,  which  included  the  number,  eleya- 
tion,  latitude  and  departure  of  all  base-line  instrument  points,  the 
true  azimuth  of  the  base-line  courses  and  the  approximate  boundary  of 
the  territory  to  be  surveyed. 

With  this  information,  it  was  an  easy  matter  to  find  a  starting  or  a 
closing  point  for  a  circuit,  and  to  check  the  circuit  after  it  was  run. 

In  order  to  avoid  complications  in  the  adjustment  of  circuits  for 
plotting,  they  were  made  as  simple  as  possible.  Along  the  base  line, 
their  length  was  limited  to  2  miles.  A  secondary  circuit  was  allowed 
to  start  from  and  return  to  a  primary  circuit,  but  no  circuit  was.  alio  wed 
to  start  from  one  circuit  and  close  on  another,  or  start  from  a  circuit 
and  close  on  a  base  line,  save  in  exceptional  cases. 

Checking  Survey. — In  the  beginning  of  the  survey,  the  field  work 
was  checked  by  having  each  party  plot  its  own  work  roughly  on  pro- 
tractor sheets.  At  that  time  there  were  only  two  stadia  parties  at  work. 
They  were  located  very  near  together,  and  the  checking  was  fairly  well 
done.  It  was  found,  however,  that  to  do  the  work  thoroughly  would 
require  the  addition  of  a  draftsman  and  a  computer  to  each  party. 
Even  with  this  change  it  would  have  been  difficult  to  keep  the  checking 
close  up  to  date,  because  the  book  which  was  in  the  field  during  the 
day  was  always  needed  at  night  for  reducing  the  readings  and  com- 
pleting the  notes,  so  that  the  draftsman  either  had  to  be  a  whole  book 
behind  in  his  work,  or  else  the  field  party  must  work  first  in  one  book 
and  then  in  another,  either  of  which  methods  was  very  objectionable. 

Workijig  Maps. — After  the  survey  had  been  in  progress  for  a  time, 
it  was  decided  by  the  Board  that  since  working  maps  were  needed, 
they  could  as  well  be  made  by  the  field  parties  instead  of  the  plotting 
of  the  protractor  sheets,  thus  saving  the  labor  on  one  set  of  maps  and 
securing  the  necessary  check  on  the  survey  and  a  complete  set  of 
working  maps  at  the  same  time. 

It  was  desirable  to  plot  the  base  line  on  these  working  maps  by 
latitudes  and  departures,  and,  as  they  must  be  figured,  it  became  con. 
venient  to  check  the  stadia  circuits  by  figuring  their  latitudes  and 
departures  and  comparing  results  with  those  of  the  base  line  at  the 
closing  station. 

The  method  pursued  thereafter  was,  therefore,  to  check  the  stadia 
circuits  by  latitudes  and  departures  immediately  when  closed,  to  send 
a  book,  when  completed,  to  the  headquarters  of  the  survey,  where  the 
numerical  work  contained  therein  was  first  checked  and  the  notes  then 
plotted  and  errors  or  omissions  reported  back  to  the  field  for  correc- 
tion. The  work  was  so  divided  among  the  stadia  parties  that  each 
party  could  remain  long  enough  in  one  locality  to  fill  several  books, 
and  it  was  very  seldom  that  a  party  had  to  go  back  to  a  previous  loca- 
tion to  look  up  errors. 
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Mr.  Himes.  After  the  winter  work  on  Oneida  Lake  was  completed,  the  force 
was  so  large,  nnmbering  for  several  months  nearly  100  men,  and  the 
work  was  so  scattered,  that  it  wonld  haye  been  impossible  to  maintain 
a  thorough  dbntrol  of  it  if  the  mappings  had  not  been  centralized  and 
reduced  to  a  system  as  above  described. 

£ach  night,  after  the  men  had  retnrned  to  their  boarding  places 
and  eaten  their  snpper,  the  notes  taken  daring  the  day  were  reviewed, 
the  stadia  measurements,  when  necessary,  were  reduced  to  the  hori- 
zontal and  the  differences  of  elevation  computed.  The  latitudes  and 
departures  of  the  circuit  courses  were  figured,  and  if  a  circuit  had  been 
completed,  the  latitude  and  departure  of  the  closing  station  were 
compared  with  its  latitude  and  departure  as  given  in  the  base-line 
notes.  By  this  means,  when  errors  occurred,  they  were  always  discQV- 
ered  promptly  and  corrected  before  they  could  create  any  confusion 
in  the  office  work. 

Precision  of  Work,  —In  order  to  show  the  degree  of  precision  which 
was  attained  with  the  stadia,  all  circuits  throughout  the  whole  work 
which  were  closed  on  their  starting  points  have  been  reviewed  and 
their  closing  errors  computed.  The  results  are  shown  in  Table  No. 
2,  from  which  it  may  be  seen  thafc  the  error  can  readily  be  kept 
below  T^T. 

TABLE  No.  2. 


Ebror. 

No.  of 
circuits. 

length  of 
circuit 

length  Of 
circuit 

length  of 
circuit 

KarewMling   \\^ 

10 
40 

4940 
96  84S 
81  000 

7  016 
66  048 
81  007 

66*048 

8  16S 
1  486 
8  140 
1  818 
2660 
4607 

i*486 

8  701 

Between"   a;  and  jjn... 
Between       t§ii  andToW-.. 
Between      tiAjb  andyAw... 
Between      1A0  and  ,rfi„... 
Between      ,A.  and,A«... 

18  076 
18  787 
4779 
81  168 
11  666 
16  689 

'jL* 

6884 

Tiiln 

4886 

TTTBI 

18  688 

Avenure  error  T»Va 

11  788 

The  error  in  elevation  seemed  to  bear  no  relation  to  the  length  of 
the  circuit.  It  seldom  exceeded  1  ft. ,  and  was  generally  less  than 
0.5  ft. 

Organization  <f  Party, — A  stadia  party  usually  consisted  of  five 
men;  an  instrument-man,  a  recorder  and  three  rodmen.  Sometimes  a 
laborer  was  added  to  a  party,  temporarily,  for  the  purpose  of  cutting 
brush  or  rowing  a  boat. 

The  instrument-man  was  required  to  direct  the  work  of  the  party 
and  attend  to  its  needs.  He  selected  the  boarding  place,  paid  inci- 
dental expenses  and  rendered  accounts  for  board,  team  hire  and  sun- 
dries to  the  Assistant  Engineer.     He  also  made  weekly  statements  of 
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the  amount  of  work  done,  and  kept  a  jonmal  in  which  were  recorded  Mr.  Himes. 
all  events  which  might  have  a  bearing  on  the  progress  of  the  work,  snoh 
as  storms,  high  water,  the  transfer  of  men  from  one  party  to  another, 
and  the  loss  of  tools. 

In  the  field  he  either  kept  notes  or  ran  the  instrument  and  had  the 
general  direction  of  the  operations  of  the  party. 

The  recorder  acted  as  an  assistant  to  the  instrument-man,  recording 
notes,  running  the  instrument  or  taking  charge  of  the  party,  tempo- 
rarily, when  the  instrument-man  desired  to  make  a  reconnoissance,  or 
for  some  other  reason  was  separated  from  the  party. 

The  work  of  the  rodmen  was  to  carry  the  stadia  boards  in  the  field, 
to  select  points  where  readings  were  to  be  taken  and  report  to  the 
instrument-man  any  information  they  might  obtain  which  would  be  of 
value  to  the  survey. 

An  effort  was  made  to  allow  each  man  in  the  party  to  acquire  as 
much  experience  as  possible,  and  for  that  purpose  the  recorder  and 
instrument-man  exchanged  work  occasionally  with  the  rodmen.  While 
the  progress  of  the  party  was  hindered  a  little  at  such  times,  it  is 
believed  that  by  increasing  the  interest  of  the  men  in  their  work  the 
final  result  was  benefited. 

Field  Notes,  — Each  instrument-man  was  required  to  keep  his  notes  so 
clearly  that  any  stranger,  not  familiar  with  the  work,  could  read  them 
readily.  For  this  purpose,  each  book  contained  an  index  and  a  brief 
synopsis  of  its  contents,  and  all  notes  copied  from  other  books  were 
thoroughly  cross-referenced.  For  instance,  when  a  stadia  circuit  was 
started  from  a  base-line  instrument  point,  a  reference  was  made  in  the 
notes  to  the  book  and  page  of  the  base-line  notes  where  the  station  was 
recorded,  and  also  to  the  place  in  the  level  notes  where  the  elevation 
was  found. 

No  erasures  were  allowed  in  the  notes,  and  the  date,  the  number  of 
the  instrument,  and  the  names  of  the  observer  and  note-keeper  were 
always  recorded. 

After  the  computations  had  been  made,  references  were  made  to  the 
computation  books  where  the  figures  were  recorded. 

It  was  found  nearly  impossible  to  keep  the  notes  written-  up  and 
the  reductions  made  by  evening  work,  so  every  stormy  day  was  used 
to  catch  up,  and,  on  rare  occasions,  the  whole  party  remained  inside 
for  a  day  to  work  on  the  notes. 

Practice  developed  many  convenient  details  in  doing  the  work, 
which  aided  much  in  the  interpretation  and  plotting  of  the  notes.  Some 
of  the  features  of  the  work  which  have  been  stated  were  not  begun 
until  the  work  had  been  in  progress  two  or  three  months,  as  they  were 
the  outgrowth  of  experience. 

Instruments, — The  instruments  used  were  the  usual  railroad  transits 
with  stadia  wires.     There  were  two  made  by  Buff  k  Berger,  two  by 
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Mr.  Himee.  geelig,  and  one  by  Heller  &  Brightly.  In  the  latter  instrument  the 
wires  were  adjustable,  in  the  others  they  were  fixed,  but  in  all  cases 
the  value  of  the  interval  was  determined,  and  the  rods  graduated 
accordingly,  no  attempt  being  made  to  adjust  the  wires  in  the  Heller 
&  Brightly  transit. 

ReduUion  of  Readingn. — The  rods  were  graduated  and  the  reduc- 
tions made  according  to  the  formula  deduced  by  S.  W.  Robinson, 
M.  Am.  Soc.  C.  E.,  of  Michigan  University.  The  tables  computed 
according  to  that  formula  by  Alfred  Noble,  M.  Am.  Soc.  C.  E.,  and 
Mr.  Wm.  T.  Gasgrain  were  used  at  first  in  making  the  reductions. 
Later,  charts  for  doing  the  work  were  furnished  by  the  Board,  and 
their  use  greatly  lessened  the  amount  of  necessary  labor. 

Ghraduation  of  Rodn. — The  style  of  graduation  used  on  the  rods  was 
found  to  be  especially  adapted  to  the  work,  and  is,  therefore,  ex- 
hibited in  Fig.  4.  The  features  of  especial  merit  are,  its  simplicity 
and  absence  of  fine  detail,  which  avoids  confusion,  and  the  use  of 
sharply-defined  angles  for  divisions,  which  permits  very  precise 
readings. 

The  rods  were  4  ins.  wide  and  12  ft.  long.  The  5  and 
10-ft.  marks  were  painted  red.  Sights  2  000  ft.  long  were 
read  very  frequently  on  instrument  points  as  well  as  for  side 
readings. 

Seasons. — The  work  was  begun  October  23d,  1897,  and 
prosecuted  continuously  by  one  or  more  parties  until  its 
completion,  November  5th,  1898.  The  work  has  been  done 
in  all  seasons,  in  all  kinds  of  weather,  and  in  many  kinds  of 
country,  including  the  wharves,  buildings,  bridges  and 
canals  in  Oswego,  the  railroad  yard  in  Utica,  the  irregular 
and  thickly  wooded  hills  of  Sand  Bidge  and  the  open,  level 
plains  of  the  Mohawk  Valley. 

As  to  the  comparative  merits  of  the  seasons  for  taking 
the  topography,  it  was  found  that  July  and  August  were  the 
most  unfavorable  months,  and  that  the  best  time  is  in  the 
early  spring  or  late  fall,  when  the  weather  is  cool,  the  trees 
are  bare  and  there  are  no  crops  or  heat  waves  to  interfere 
with  the  Bight  or  impede  the  progress.  In  warm  weather  the 
atmosphere  is  too  unsteady  to  permit  long  sights,  the  foliage 
is  thick,  and  obstructs  the  view,  and  the  summer  heat  renders 
the  traveling  more  fatiguing,  so  that  the  rodmen  cannot  corer 
as  much  ground. 

The  progress  of  the  party  is  frequently  dependent  upon  the  speed 
with  which  the  notes  are  recorded,  and  in  extreme  cold  weather  the 
progress  is  lessened  somewhat  by  the  difficulty  of  using  a  pencil  with 
cold  fingers.  In  other  ways,  no  especial  difficulty  was  experienced  in 
the  winter  time.    During  the  winter  of  1897-98,  the  snow  caused  no 
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more  interference  with  the  work  than  did  the  rain  daring  the  follow-  Mr.  Himee. 
ing  snmmer. 

The  average  number  of  days  lost  each  month  by  tfie  several  parties, 
on  account  of  storms,  is  as  follows: 

1897,  October,  0.0;  November,  3.5;  December,  4.5. 

1898,  January,  1.0;  February,  4.4;  March,  1.4;  April,  2.8; 
May,  4.7;  June,  1.2;  July,  0.7;  August,  3.2;  September,  1.5: 
October,  3.6. 

Cost, — The  cost  of  the  stadia  work  per  square  mile,  using  the  same 
items  given  by  Mr.  Landreth,  viz. :  salaries,  maintenance,  traveling 
expenses  and  supplies,  was  as  follows : 

Field  work «179 

Mapping 101 

Total »280. 

There  have  been  excluded  from  the  area  several  swamps  which  were 
surrounded  with  stadia  work,  but  not  penetrated.  Their  aggregate  area 
is  13.4  sq.  nules. 

The  average  number  of  readings  per  square  mile  was  about  1  440, 
or  2jt  per  acre. 

The  minimum  average  area  covered  per  day  by  one  party  on  a  single 
piece  of  work  was  0.058  sq.  mile.  The  maximum  was  0.257  sq.  mile. 
The  average  area  covered  per  day  by  one  party  for  the  whole  survey 
was  0.123  sq.  mile. 

In  computing  these  averages,  holidays  and  other  lost  time  has  not 
been  deducted  from  the  total  number  of  days  in  the  field. 

About  %'^%  of  the  area  was  mapped  on  a  scale  of  1:5  000.  The 
remainder  was  mapped  on  a  scale  of  1:2  500. 

The  cost  of  mapping  includes  plotting  soundings,  test  borings  and 
triangulations.  There  were  upwards  of  12  sq.  miles  of  soundings,  and 
the  cost  of  plotting  these  cannot  be  separated  from  the  rest  of  the  map- 
ping. It  would,  perhaps,  be  more  accurate  to  call  the  total  area  of 
mapping  133  sq.  miles.  The  cost  per  square  mile  would  then  be  $92. 
A  vertical  interval  of  2  ft.  was  used  in  plotting  the  contours. 

All  elevations,  determined  either  by  sounding  or  with  the  stadia, 
were  inked  on  the  maps.  This,  it  is  thought,  was  not  done  in  Mr. 
Landreth 's  work. 

Conventions  furnished  by  the  Board  were  followed  throughout  the 
work,  but  while  they  were  used  sufficiently  to  show  clearly  the  topog- 
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Mr.  Himes.  In  making  ase  of  the  foregoing  data,  it  wonld  be  well  to  note  that 
the  maximum  rate  of  progress  was  about  four  times  the  minimum. 
Also,  in  Mr.  Landreth's  data,  the  field  work  on  Fish  Creek  for  5>ft. 
contours  cost  less  than  that  for  10-ft.  contours  on  Salmon  Biver,  while, 
on  the  Black  River,  the  cost  for  10-ft.  contours  was  one-fourth  of 
that  on  Salmon  River. 

It  is  surprising  that  on  Fish  Creek,  where  620  readings  per  square 
mile  were  taken,  the  cost  should  be  nine-elevenths  of  that  on  Salmon 
River,  where  256  readings  per  square  mUe  were  taken. 

On  the  Black  River,  Mr.  Landreth  took  131  readings  per  square 
mile,  which  is  about  one  reading  for  every  5  acres.  Eighty-five  sq. 
miles  were  covered  in  that  way.  This  small  number  of  readings  and 
the  low  rate  of  cost  make  it  interesting  to  consider  the  cost  of  the 
(Jnited  States  Geological  Maps,  and  to  inquire  whether  work  done  in 
'  that  manner  would  have  served  the  purpose.  In  the  New  York  State 
£higineer*s  Report  for  1895,  it  is  stated  that  the  total  cost  of  the  United 
States  Geological  Maps  in  that  State,  prior  to  1895,  is  at  the  rate  of 
$10.62  per  square  mile. 

It  is  noted  in  Table  No.  1,  that  a  large  percentage  of  the  work  was 
taken  directly  from  base-line  stations.  That  practice  was  forbidden 
on  the  main  surveys,  it  being  considered  that  greater  chances  for  error 
were  afforded  than  where  the  topography  was  all  taken  from  stadia 
circuits. 

Considering  the  rapid  movement  of  Mr.  Landreth's  party,  it  was 
undoubtedly  better  for  him  to  use  a  large  party  and  do  the  plotting 
at  once. 

The  method  of  plotting  outlined  above  was  the  outgrowth  of  con- 
ditions which  had  to  be  met,  and  should  never  be  adopted  without  due 
consideration. 

The  results  of  the  work  appear  to  warrant  a  more  general  use  of 
the  stadia  on  preliminary  surveys. 
Mr.MacGregor.  R.  A.  MacGbeoob,  Assoc.  M.  Am.  Soc.  C.  E. — In  the  survey  of 
Baltimore,  Md.,  the  stadia  method  was  used  on  more  than  33  square 
miles.  The  maps  were  plotted  to  a  scale  of  200  ft.  to  1  in.,  and  all 
fences,  roads,  houses  (with  some  details  of  the  houses)  contours  at  5-f t. 
intervals,  wooded  areas,  creeks,  pasture  and  cultivated  areas,  etc.,  were 
shown. 

The  method  used  was  somewhat  similar  to  that  described  by  Mr. 
Himes.  The  instruments  were  provided  with  fixed  stadia  wires;  the 
horizontal  and  vertical  circles  were  divided  to  read  to  30  seconds,  and 
the  vernier  of  the  vertical  circle  carried  a  level  tube,  each  division  of 
which  had  a  value  of  30  seconds. 

The  stadia  boards  were  T-shaped  in  section  and  the  figures  were 
similar  to  those  used  on  the  United  States  Lake  Survey.  The  meter 
was  used  as  the  unit  of  length  on  account  of  the  convenience  in  using 
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Mr  Allen.  Sewerage  Commission,  various  topographical  surveys  were  condacted 
bj  the  writer  from  which  the  following  five  are  selected,  data  regard- 
ing the  cost  of  which  are  given  in  Table  No.  3,  and  are,  perhaps,  of 
sufficient  value  to  place  on  record. 

The  ground  being  similar  in  Surveys  I  and  11,  a  comparison  of  their 
costs  is  of  interest  in  showing  the  economy  of  reading  compass  bear- 
ings and  setting  up  on  alternate  points,  where  this  is  sufficient,  and 
practicable. 

A  comparison  of  the  cost  of  Survey  I  with  the  costs  of  Surveys  IV 
and  y  shows  the  increased  expeifse  due  to  plotting  on  a  larger  scale 
and  halving  the  contour  interval,  the  territories  being  fairly  open  in 
each  case,  and  I  and  V  having  but  gentle  slopes.  It  will  be  noted,  too, 
that  lY  and  V  are  quite  limited  in  extent  in  comparison  with  the 
others,  which  in  part  accounts  for  their  greater  cost  per  square  nule. 

TABLE  No.  3. 


Survey. 


Contour  Interval,  feet 

Scale  of  map 

Actual  working  days 

Total  area,  square  miles 

Area  per  day,  square  miles. 


Salaries  per  square  mile. . . 
Expenses  per  square  mile. 


Cost  per  square  mile 

Estimated  cost  per  square  mile,  in- 
cluding superintendence 


6 

800"  =  1" 
18 

8.04 
0.167 

154.90 
11.91 


966.81 


IL 


6 

800'  =  1" 
81 

8.75 
0.181 

$78.00 
16.49 


$94.49 


III. 


6 

400*  =  1" 
61 

4.88 
0.070 

$1  40.80 
88.64 


$166.74 
186.67 


IV. 


Si 

800*  =  r 

16 

0.888 
0.0515 

$888.61 
80.78 


$854.84 
868.18 


800*  =  r 

14 

0.788 
0.0684 

$856.81 
18.50 


$809.71 
884.01 


All  these  surveys  were  made  by  stadia  and  vertical  arc  measure- 
ments, running  in  circuits  between  established  points,  and  referred  to 
benches  established  by  the  wye  level.  The  bearings  were  determined 
by  the  compass,  except  in  Survey  II,  where  the  azimuths  were  turned 
off  by  vernier.  The  times  given  are  for  days  worked  only,  and  do  not 
include  time  lost;  while  the  costs  given  are  for  work  in  the  field  only, 
and  do  not  include  the  map  work  done  in  the  office.  They  do  in- 
clude, however,  all  expense  for  field  work,  including  the  plotting  of 
the  map  on  field  sheets  which  were  turned  in  to  the  main  office  and 
transferred  by  the  draftsman  to  a  sheet  on  which  the  lines  or  points  of 
control  had  been  plotted. 

Surveys  LEI,  lY  and  Y  were  made  with  considerable  care  and  deta.il, 
being  for  the  purpose  of  laying  out  filtration  beds  or  plants  for  the 
treatment  of  the  city's  sewage. 

Of  Survey  III,  41%  was  in  timber,  and  S%  in  marsh  and  water. 

Of  Survey  lY,  12%  was  in  water  surface. 
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Of  Snrvej  Y,  21%  was  in  timber,  12^  was  in  open  marsh,  and  6%  Mr.  Allen, 
was  in  water  snrf ace. 

In  Snrvey  in  the  range  of  elevation  was  125  ft.  Some  of  the  ground 
was  quite  rough  and  filled  with  a  dense  thicket  of  briar  and  under- 
brush. In  the  other  areas  the  range  of  elevation  did  not,  generaUj, 
exceed  40  ft. 

The  greatest  error  in  closing  the  circuits  of  Survey  III  on  the  map, 
averaging  about  1}  miles  in  length,  was  80  ft.,  occurring  in  an  unim- 
portant place;  the  next  was  30  ft. ,  and  the  average  10  or  15  ft. 

Two  steel  tape  lines,  which  had  been  run  through  this  area,  were 
utilized  as  bases;  while  in  Survey  V,  steel  tape  base  lines  were  run 
from  known  positions  determined  by  the  United  States  Coast  and 
Geodetic  Survey. 

The  writer  is  interested  in  noting  the  use  of  a  megaphone  in  the 
field.  The  means  of  communication  between  the  rodman  and  the  man 
at  the  instrument  should  be  effective  at  the  maximum  distance  and  not 
liable  to  misinterpretation.  A  simple  code  of  signals  is  believed  to  be 
preferable  to  verbal  orders  for  directing  the  ordinary  movements  of 
the  rodman,  and  for  this  purpose  a  whistle  or  small  flag  may  serve; 
but  there  are  times  when  some  means  of  conveying  fuller  directions 
than  can  be  done  in  this  way  is  very  desirable,  and  the  megaphone  may 
answer  the  purpose.  Sight  signeds  have  the  advantage  of  being 
effective  where  there  are  disturbing  noises  from  winds,  factories  or 
waterfalls,  while  signals  by  sound  may  be  preferable  where  there  is 
more  or  less  obstruction  to  the  sight. 

Wagkr  Fisheb,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  cost  of  the  Mr.  Fteher. 
field  work  for  topography  with  10-ft.  contour  intervals  on  two  terri- 
tories, which  were,  respectively,  659^  and  25^  wooded,  is  given  by 
Mr.  Landreth  as  $66  and  $16.50  per  square  mile.  These  results 
present  an  opportunity  of  determining,  in  a  measure  that  is  at  least 
suggestive,  how  much  the  cost  of  such  topography  varies  with  the  per- 
centage of  woodland. 

The  writer,  having  computed  the  cost  of  a  similar  survey  made  in 
the  summer  and  fall  of  1899  by  the  New  York  State  College  of  Forestry* 
of  their  track  in  the  Adirondacks,  in  Franklin  County,  N.  Y.,  submits 
the  results  in  order  that  with  others  they  may  form  a  basis  of  compari- 
son. 

The  territory  was  practically  all  wooded,  and  presented  the  usual 
difficulties  of  the  mountainous  and  hilly  country  of  the  Eastern  States* 
The  area  covered  was  32  sq.  miles,  and,  in  the  effort  to  find  the  cheapest 
method,  both  rectangular  and  irregular  systems  of  stadia  transit  lines 
were  tried.  There  were  172  miles  of  stadia  circuit.  The  survey  was 
made  between  July  Ist  and  December  1st,  1899,  but  not  continuously. 

♦  Doctor  B.  E.  Femow,  Director.  Field  work  supervieed  by  Professor  H.  N.  Ogden, 
Assoc.  M.  Am.  Soc.  C.  K.,  and  Mr.  William  E.  Mott,  both  of  Cornell  UnWersity. 
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Hr.  Fisher.  Comparing  the  seasons,  snmmer  and  fall,  differences  in  foliage  were 
largely  counterbalanced  by  differences  in  weather.  The  cost  of  main- 
tenance was  abotub  ^1%  of  the  total  expense. 

TABLE  No.  4. 


Survey. 

Percentage  of  wood- 

Cost  per  square  mile. 

Black  River 

86 
66 
100 

$16.60 

flAlTnoii  Rlv^^r 

66.00 

New  York  State  College  of  Forestry. . 

86.00 
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NoTB.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


ON  THE  FLOW  OF  WATER  OVER  DAMS. 
Discussion.* 


By  Messrs.  Geobge  Y.  Wisner  and  G.  S.  WiLiiiAMS. 


Geobge  Y.  Wisner,  M.  Am.  Soc.  C.  E.  (by  letter). — In  the  investi-  Mr.  Wisner. 
gation  for  developing  a  project  for  a  deep  waterway  from  the  Great 
Lakes  to  the  Atlantic,  which  was  commenced  by  the  United  States 
Board  of  Engineers  on  Deep  Waterways  in  the  fall  of  1897,  it  became 
evident,  from  the  start,  that  the  existing  data  relative  to  the  flow  of 
water  over  dams  were  inadequate  for  the  accurate  determination  of 
river  discharge  where  the  depth  on  the  crest  of  the  dam  was  much 
over  1.5  ft. 

The  uncertainty  as  to  the  value  of  the  coefficients  of  weir  formulas 
which  should  be  used  for  dams  of  different  cross-sections,  and  for  dif- 
ferent depths  on  the  crest,  made  it  apparent  that  additional  investiga- 
tions would  be  necessary  before  satisfactory  estimates  could  be  made  of 
the  value  of  water-power  rights  which  may  be  modified,  or  of  the  amount 
of  slope  walls  and  bank  protection  which  would  be  needed  between  the 
limits  of  the  high  and  low-water  stages  of  the  proposed  waterway. 

At  first,  it  was  thought  that  extended  observations  with  modem  cur- 
rent meters  at  several  of  the  principal  dams  in  question  would  be 
necessary,  but  since  the  coefficient  of  the  weir  formula  varies  greatly 
with  the  shape  of  the  dam,  and  as  there  are  but  few  of  the  dams  on  the 

*TbiB  discussion  (of  the  paper  by  George  W.  Rafter,  M.  Am.  Soc.  C.  E.,  printed  in 
the  Proceedings  for  March.  IfiOO)  is  printed  in  Proceediriaa  In  order  that  the  views 
expressed  may  be  brought  before  all  members  of  the  Society  for  further  discussion. 
(See  rules  for  publication,  Proceedings^  Vol.  xxv,  p.  71.) 

Communications  on  this  subject  received  prior  to  June  23d,  1900,  wiU  be  printed  in  a 
later  number  of  Proceedings^  and  subsequently  the  whole  discussion  will  be  published 
in  Transactions. 
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Mr.  wisner.  Oswego,  Mohawk  and  Hadson  Bivers,  which  have  similar  cross-sections, 
such  a  method  would  have  been  incopiplete  and  nnsatisfaotory,  and  was 
not  attempted. 

In  the  fall  of  1898  the  experiments  of  H.  Bazin,  published  in  the 
Annales  des  Fonts  et  CkaussSeSy  became  available,  and  established  the 
coefficients  for  a  great  variety  of  different-shaped  weirs,  but,  unfortu- 
nately, for  depths  of  less  than  1.5  ft.  on  the  crests. 

In  December,  1898,  the  Writer  entered  into  correspondence  with 
Professor  Oardner  S.  Williams,  M.  Am.  Soo.  C.  £.,  engineer  in  charge 
of  the  Hydraulic  Laboratory  of  Cornell  University,  relative  to  extend- 
ing the  Bazin  experiments  for  some  of  the  forms  of  dams  on  the 
Oswego,  Mohawk  and  Hudson  Bivers,  but,  owing  to  the  lateness  of  the 
season,  nothing  was  done  until  the  following  April,  when  Mr.  Bafter 
was  requested  to  have  his  assistants  construct  experimental  weirs  of 
forms  similar  to  those  of  the  principal  power  plants  on  the  proposed 
deep  waterway  routes,  and  Professor  Williams  was  requested  to  install 
the  necessary  measuring  apparatus  to  determine  the  coefficients  for  the 
different  forms  of  dams  to  be  experimented  on,  and  to  take  general 
charge  of  the  observations. 

The  success  of  the  experiments  was  largely  due  to  Professor  Williams* 
ability  as  an  experimenter,  and  to  the  untiring  interest  which  he  mani- 
fested in  the  prosecution  of  the  work. 

In  authorizing  these  experiments,  the  Board  of  Engineers  on  Deep 
Waterways  insisted  that  the  standard  sharp-crested  weir  should  be 
thoroughly  calibrated  for  all  depths  on  the  crest  for  which  used.  This, 
however,  the  observers  were  unable  to  accomplish  in  a  satisfactory 
manner,  but  it  is  to  be  hoped  this  will  be  done  in  time  to  embody  the 
results  in  this  discussion. 

Beferring  to  the  mean  coefficient  curve  of  the  standard  weir  shown 
on  page  306,  it  will  be  noted  that  for  heads  of  from  2  to  3  ft.,  the  co- 
efficient is  a  minimum.  So  far  as  the  writer  is  aware,  there  is  no  good 
reason  for  this,  and  it  is  probable  that  the  peculiar  shape  of  the  curve 
may  be  due  to  incorrect  calibration  of  the  standard  weir,  and  to  the  effect 
of  velocity  of  approach  and  to  side  walls  of  a  narrow  flume  for  which 
the  correction  made  is,  apparently,  largely  a  matter  of  judgment. 

An  examination  of  the  curves  on  pages  272  to  289,  inclusive,  shows 
the  same  peculiarity  for  a  large  percentage  of  the  experiments,  and  a 
study  of  the  data  and  results  indicates  that  incorrect  determination  of 
the  effect  of  velocity  of  approach  at  the  experimental  weir  and  un- 
known resistances  of  the  side  walls  of  a  narrow  flume  are  the  principal 
causes.  Comparing  the  curve  on  page  289  with  that  on  page  306,  there 
is  apparently  no  reason  why  one  should  be  a  regular  curve  and  the  other 
not,  and,  as  observations  made  subsequent  to  those  discussed  in  the 
paper  indicate  that  the  former  is  correct,  it  is  a  fair  presumption  that 
additional  observations  will  very  likely  modify  the  shape  of  the  latter. 
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Gabdneb  S.  WiiiiiiAMS,  M.  Am.  S< 
speaker  great  pleasure  were  he  able  to  i 
for  the  work  of  the  author.  Unfortuu 
from  the  opinions  expressed  in  the  p 
points.  He  is  fully  aware  that  any  ci 
far  as  thej  relate  to  the  execution  of  the  , 

upon  himself,  and,  in  extenuation,  has  <  i 

which  he  has  the  honor  to  represent  is  s  I 

be  glad,  as  occasion  comes,  to  point  oui 
of  others.  It  will  welcome  any  crii 
instructions. 

The  matter  of  formulas  will  be  passec  i 

that  there  are  some  other  errors  than  thi  < 

specifically,  but  it  is  probable  that  they  £ 
the  speaker  happened  to  receive,  aconsic 
copy  of  that  portion  of  the  paper  in  wh:  i 

he  believes  there  were  no  errors;  so  that 
original  translation  was  correct,  and  the 
made  in  copying,  as  the  author  has  sug 

The  most  essential  point  in  the  papei  i 

issue,  is  as  to  the  use  of  Bazin*8  coefficiei  i 

in  fact  the  author's  use  of  Bazin's  f ormuls 
differs  from  the  formulas  of  Francis,  I  [ 

Smith,  in  that  it  provides  for  the  effect  c 
coefficient;  whereas  all  the  others  require 
be  corrected  for  the  velocity  of  app 
coefficient  3.33,  is  to  be  applie)!  to  tl 
rected.  The  Bazin  coefficient  is  to  be 
observed.  Therefore,  the  statement,  or 
the  coefficients  in  the  table  on  page  23^  a 
would  be  only  true  in  the  case  of  a  weir  of 
speaking  solely  of  weirs  with  end  contrac 
pressed  weir  is  the  only  one  that  Bazin  used 
Cornell  experiments.     It  is  the  only  one  c 

The  statement  is  also  made  that  by  ref 
seen  that  there  is  very  little  change  in  the 
weir  of  6i  ft.  is  reached.  That  also  needs 
because  the  coefficient  changes  as  the  ve 
and  while  the  statement  is  true  with  the  t 
to  1.6  ft.,  included  in  the  table,  it  is  not 
for  example,  with  a  head  of  100  cm.,  tha 
11  ft.  high,  the  discharge  is  about  0.6  oi 
weir  13  ft.  high,  according  to  Bazin *s  foi 
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Xr.WiiUamB.  Of  coarse,  it  is  fnlly  realized  that  in  speaking  of  a  matter  of  0.6  of 
1%  in  a  weir  measurement  it  is  getting  down  rather  fine;  bnt  we  are 
to  consider  that  aconracy  in  the  measurement  of  water  for  power  pur- 
poses or  for  consumption  and  accuracy  in  the  design  of  a  crest  to  dis- 
charge the  flood  volumes  of  a  stream,  are  two  different  things.  In 
the  latter  case,  if  one  comes  within  b%,  he  is  doing  very  well.  In  the 
former,  one  should  get  down  as  near  to  1%  as  possible. 

The  author,  apparently,  makes  a  misstatement  on  page  296,  where 

he  says  that  u — which  by  him  is  elsewhere  called  n,  and  was  originally 

designated  by  the  Greek  letter  u  by  Bazin — ^is  a  coefficient  which 

depends  upon  the  height  of  the  weir.     Now,  that  is  less  than  half  the 

.truth.     It  depends  upon  the  height  of  the  weir  and  the  head  over  the 

\weir,  and  it  is  given  quite  accurately  by  the  formula  //  =  0.405  -|- 

0. 00984 

for  English  units.     That  is,  it  is  given  satisfactorily  by  a  for- 

/mula  which  does  not  involve  the  height  of  the  weir  at  all.  In  other 
'  words,  in  speaking  generally,  the  coefficient  m  varies  with  the  head 
over  the  weir  and  not  with  its  height.  The  coefficient  m  varies  with 
the  head  over  the  weir  and  the  height  of  the  weir,  and  m  is  the  factor 
which  enters  finally  into  Bazin 's  formula,  the  formula  being  virtually 
made  up  of  three  formulas,  first  a  formula  for  //,  then  one  for  m,  which 
involves  yu,  and  then  one  for  Q  which  involves  m. 

In  the  reduction  of  Experiments  Nos.  20  and  21  on  pages  298  and 
299,  if  the  speaker  understands  the  author's  use  of  the  English  lan- 
guage correctly,  a  curve  has  been  plotted  for  the  discharge  of  the 
upper  weir  by  Bazin *s  formula,  as  given  on  page  296,  which  contains  the 
coefficient  providing  for  vel ocity  of  approach.  From  this  the  author  has 
taken  a  value  for  the  discharge.  He  has  then  from  that  discharge 
computed  the  velocity  of  approach,  added  to  the  observed  head  the 
correction  for  the  head  due  to  this  velocity  of  approach,  taken  the 
value  of  Q  for  this  increased  head  from  the  Bazin  curve  agaiu,  and  he 
says  that  generally  two  applications  of  the  process  were  sufficient.  In 
the  speaker's  judgment,  inasmuch  as  each  application  was  adding  a 
velocity  head  that  did  not  belong  there,  it  seems  that  two  applications 
should  have  been  sufficient.  If  the  author  desired  to  determine  the 
discharge  for  a  weir  under  this  head  with  no  velocity  of  approach,  the 
correction  should  have  been  subtracted,  not  added. 

It  is  possible  that  the  speaker  has  misunderstood  the  author's 
method  of  reduction,  but  he  has  taken  pains  to  refer  these  statements 
to  several  others,  conversant  with  Bazin 's  formula  and  with  hydraulics 
in  general,  and  it  has  been  generally  agreed  that  the  language  is  mis- 
leading, if  the  process  has  not  actually  been  so.  That  is,  the  language 
simply  means  that  instead  of  using  the  observed  head  H  which  should 
have  been  used  with  Bazin's  formula,  the  head  H+  h„,  as  in  the  Francis 
formula,  was  used,  the  result  being  that  the  computed  discharge  of 
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the  Btandard  weir  by  Bazin's  formtda  is  thereby  made  too  large.  It  may  Mr.  willlamB. 

be  pertinent  to  enqnire  why,  if  the  author  deemed  a  correction  for 

velocity  of  approach  necessary  at  the  upper  weir,  he  did  not  also  apply 

■one  at  the  lower  weir  where  the  velocity  was  several  times  as  great.  Now, 

of  course,  granting  that  this  mistake  has  been  made,  it  can  possibly  be 

excused  on  the  plea  of  a  lack  of  familiarity  with  the  French  language, 

for  it  is  often  rather  diflScult  to  convert  a  foreign  language  into  English 

and  be  sure  that  every  point  is  brought  out  correctly,  but  it  is  difficult  to 

excuse  the  statement  on  page  299  that:  "Messrs.  Fteley  and  Steams 

have  pointed  out  that  for  standard  sharp-crested  weirs  the  head  should 

be  measured  about  6  ft.  back  from  the  crest,"  when,  by  turning  to  the 

paper  by  Messrs.  Fteley  and  Steams,*  the  following  statement  will  be 

found  : 

**  The  head,  if  measured  outside  of  the  angle  of  pressure,  should  be 
taken  far  enough  up  stream  from  the  weir  to  represent  the  height  of 
the  water  surface  above  the  beginning  of  the  surface  curvature,  i.  e., 
at  a  distance  from  the  weir  equal  to  2J  times  its  height  above  the 
bottom  of  the  channel." 

Oar  weir  was  13  ft.  high. 

This  brings  us  quite  properly  to  the  subject  of  weir  experiments 
in  general,  and  in  the  discussion  of  any  hydraulic  problem  it  is  well 
to  go  back  to  the  beginning  and  find  out  how  much  we  really  know 
about  the  thing  in  hand.  We  are  dealing  with  weirs  with  end  con- 
tractions suppressed,  and  so  far  as  experiments  have  gone  upon  weirs 
of  a  sufficient  size  to  be  compared  with  those  which  are  discussed  in 
this  paper,  in  which  the  discharge  over  such  weirs  has  been  measured 
volumetrically,  the  entire  series  of  experiments  is  embraced  in  three 
investigations  shown  in  Table  No.  5. 

TABLE  No.   5.— ExPEBiMBNTs  upon  Weirs  with  End  Contractions 

SUFPRESSBD,  IN  WHICH  THE  DISCHARGE  WAS  MeASUBED  YoLUMETBI- 
CALIiY. 


Obaerver. 

Number  of 
experi- 
ments. 

Lengrth  of 
weir,  m  feet. 

Height  of 
weir,  in  feet. 

Range  of  head,  in  feet. 

James  B.  Francis .... 
Fteley  and  Stearns. . . 

Henry  Bazin 

17 
90 
10 
67 
88 
48 

0.996 
4.999 
18.996 
6.562 
8.881 
1.640 

4.60 
8.66 
6.66 
8.78 
8.78 
8.896 

0.78680  to  1.0600 
0.0746    "  0.8198 
0.4686    '"  1.6088 
0.194      "  1.012 

0.188      "  1.888 

it                u 

0.191      "  1.779 

It  will  be  seen  that  Bazin's  first  series  included  nearly  as  many 
experiments  as  those  of  all  the  other  inyestigators,  and  that,  alto- 
gether, he  has  given  us  three  times  as  many  determinations  of  the 
flow  oyer  suppressed  weirs  volumetrically  as  the  others  have. 
•  Transactions,  Am.  Soc.  C.  E.,  Vol.  xll,  p.  47. 
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Mr.  Williams.  There  is  an  important  distinction  between  the  methoda  of  measur- 
ing head  in  Bazin's  experiments  and  in  the  experiments  of  the  Amer- 
ican investigators.  The  latter  adopted  a  position  for  reading  the  head 
\S  I  6  ft.  np  stream  from  the  crest  of  the  weir  and  abont  its  level.  Bazin 
'  j  read  it  16.3  ft.  up  stream  and  at  tlig  bottom  qf.  ^e  cb^n^l.  The 
American  experimenters  took  the  water  through  a  smalToj^ing  in 
the  side,  in  no  case  more  than  ]  sq.  in.  in  area,  which  communicated 
with  a  pail  in  which  the  surface  was  read  bj  a  hook  gauge.  Bazin 
used  an  opening  4  ins.  in  diameter  which  communicated  to  a  chamber 
built  alongside  of  his  canal  in  which  the  head  was  read  by  a  hook 
gauge.  Now,  it  will  be  realized  at  once  that  it  is  to  be  expected  that 
the  velocity  of  the  water  flowing  toward  the  weir  would  be  greater  at 
the  American  position  than  it  would  be  10  ft.  further  up  stream,  and, 
as  any  increase  of  velocity  head  or  of  velocity  means  a  corresponding 
decrease  of  pressure  head,  it  may  be  expected  that  for  the  same  obser- 
vation, if  the  head  were  measured  at  the  American  position,  it  would 
appear  to  be  lower  for  the  same  discharge  than  if  it  were  measured  at 
Bazin*s  position.  Therefore,  for  a  given  head,  we  should  expect  that 
Bazin  would  show  a  less  discharge  than  would  the  American  investi- 
gators. 

Some  may  be  inclined  to  doubt  the  importance  of  the  variation  in 
position  in  reading  heads.  Upon  that  point  it  may  be  said  that  in 
some  investigations  carried  on  last  summer,  the  head  was  read  directly 
at  the  crest  of  the  weir  by  means  of  a  tube  set  in  the  weir  itself  and 
communicating  with  the  crest  by  small  openings  6  ins.  apart.  These 
openings  were  about  \  in.  in  diameter,  and  were  bored  vertically  at  the 
exact  crest  of  the  weir,  which  was  the  section  adopted  by  the  United 
States  Board  of  Engineers  on  Deep  Waterways  for  the  proposed  regu- 
lating weir  on  Lake  Erie,  i.  e.,  No.  19  of  the  author's  series.  At  the 
time  that  these  heads  were  read  a  tape  was  tacked  upon  the  wall  of  the 
canal  vertically  at  the  crest,  so  that  the  top  of  the  sheet  could  be  read 
thereon  at  the  same  time  that  the  pressure  in  the  piezometer  along  the 
crest  of  the  weir  was  read.  With  a  head  up  stream  of  97  cm.  the  tape 
read  70  cm.  and  the  piezometer  at  the  crest  read  38  cm.  There  is  the 
effect  of  velocity  upon  the  head.  The  piezometer  set  on  the  crest  of  the 
weir  read  hardly  more  than  half  the  depth  of  water  which  was  actually 
flowing  over  the  weir  at  that  time,  and  as  there  were,  altogether,  some- 
what in  the  neighborhood  of  thirty  or  forty  experiments  involving  the 
crest  piezometer,  it  may  be  affirmed  that  this  was  not  ah  erratic  obser- 
vation. 

It  may  be  said  further,  that,  since  this  condition  exists,  it  is 
possible  to  use  such  a  form  of  weir  as  a  Venturi  meter,  particularly 
when  submerged,  and  there  is  no  doubt  that  a  series  of  coefficients  for  a 
weir  of  the  form  of  the  United  States  Deep  Waterways  Section  might  be 
given  to  such  a  meter  and  would  compare  quite  favorably,  in  accuracy^ 
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Mr.  WilUams.  the  experiments  of  the  several  inyestigators  were  homogeneous  in 
themselves;  that  is,  whether  they  would  coincide  or  whether  they  would 
show  erratic  variations  from  one  side  to  the  other  of  some  mean.  The 
criterion  was  to  take  the  measured  Q's  and  from  them  to  derive  an 
n*  h,  which,  when  plotted  as  an  abscissa  with  the  observed  head  as  an 
ordinate,  would  give  a  straight  lihe  if  n  were  constant.  Of  course, 
since  n  is  not  constant,  but  increases  with  the  head  at  the  higher  heads, 
it  does  not  give  a  straight  line,  but  the  variation  is  not  great  for  the 
range  of  the  experiments.  That  criterion  showed  clearly  that  the 
results  of  the  experiments  were  homogeneous  in  themselves,  and  indi- 
cated a  high  degree  of  relative  accuracy.  That  is,  if  one  was  right 
the  other  was  right  in  the  same  series.  Pains  were  then  taken  to  study 
particularly  the  arrangement  by  which  the  quantity  was  measured, 
and  the  conclusion  has  been  that  the  devices  used  by  Mr.  Francis  and 
by  Messrs.  Fteley  and  Stearns  for  starting  and  stopping  the  flow  and 
also  for  determining  the  height  of  water  in  the  measiuring  basin  were 
more  delicate,  and  capable  of  more  accurate  work  than  were  those  of 
Bazin^  so  that,  patriotism  aside,  it  seems  that  greater  confidence  may 
be  reposed  in  the  observations  of  Mr.  Francis  and  of  Messrs.  Fteley  and 
Stearns  than  in  those  of  Mr.  Bazin,  although  the  latter  has  madethree 
times  as  many  as  the  others.  As  already  stated,  the  Francis  formula 
gives  results  below  Bazin  for  the  lower  heads,  but  the  discharge  curves 
of  the  two  formulas  cross  at  a  head  of  about  1.4 ft.  on  a  weir  lift,  high, 
and  above  that  Bazin  gives  lower  discharges.  Comparing  the  Francis 
formula  with  the  discharges  observed  by  Fteley  and  Steams  at  the 
higher  heads  there  is  some  evidence  that  the  Francis  formula  gives  too 
low  results  with  such  conditions,  and  therefore  it  seems  that  Bazin 's 
formula  is  probably  on  this  account  the  less  accurate  at  the  high  heads. ' 
Whether  or  not  all  wish  to  agree  with  the  deductions  as  to  the 
effect  of  velocity  of  approach  or  velocity  past  the  openings  and  as  to 
the  relative  reliability  of  the  worjt  of  the  various  investigators,  they 
will  probably  agree  that  if  Bazin's  formula  is  to  be  used,  the  head 
should  be  measured  as  Bazin  measured  it,  and  if  the  Francis  formula 
is  to  be  used,  the  head  should  be  measured  as  Francis  measured  it. 
But  the  question  naturally  arises,  what  difference  does  it  make?  A 
few  days  ago  the  speaker  had  the  privilege  of  performing  some  experi- 
ments to  see  what  difference  it  made  whether  the  head  was  measured 
one  way  or  "another.  The  weir  in  question  was  a  small  decimal  over 
20  ft.  in  length.  Its  height  was  5.85  ft.  above  the  channel  of  approach. 

»  End  contractions  were  suppressed.      At  a  point  10.3  ft.   up  stream 

from  the  weir  there  was  a  pipe,  1  in.  in  internal  diameter,  set  1  ft.  above 
the  bottom  of  the  channel  of  approach,  transversely  to  the  direction  of 
flow.  This  pipe  was  perforated  on  its  bottom  with  holes  about  A  in. 
in  diameter  every  3  ins.  in  its  length.  One  end  of  this  pipe  was  con- 
nected by  means  of  a  f-in.  pipe  and  a  j-in.  hose,  to  a  hook-gauge  pail, 
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from  the  weir.  At  the  other  side  of  the  channel  c 
similar  recess.  This  transverse  pipe  was  a  device  wh 
used  for  measuring  the  head  upon  this  weir,  whi( 
incidentally,  is  a  somewhat  important  one.  As  a  rec 
gations  at  Cornell,  the  reliability  of  a  measurement 
was  questioned;  and,  in  order  that  there  might  be 
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Ur.  Williams,  head  upon  the  standard  weir  bj  either  of  the  recognized  methods.  It 
was,  therefore,  necessary  to  resort  to  some  other  means,  and,  without 
knowing  positively  what  the  result  would  be,  the  transverse  piezo- 
meter, which  has  been  described  by  the  author,  and  which  coincides 
quite  closely  with  that  at  the  weir,  which  has  just  been  discussed,  was 
adopted.  There  was  some  suspicion  when  it  was  put  in  that  it  might 
lead  to  trouble,  and  it  was  expected  that  such  checks  could  be  made  on 
the  work  as  it  went  along  as  to  detect  such  an  error  at  once  if  it  should 
occur.  But  the  great  pressure  which  was  brought  to  bear  to  hurry  the 
experiments,  and  the  other  duties  which  were  demanded  of  the  investi- 
gators, prevented  the  working  up  of  those  experiments,  even  the  first  of 
them,  until  the  series  was  nearly  completed.  Then  it  became  apparent 
that  there  wan  something  wrong  with  the  piezometers,  and,  accordingly, 
there  was  set,  alongside  the  one  at  the  lower  weir,  another,  which  was 
flush  with  the  bottom  of  the  channel  of  approach,  and  which  probably 
coincided  quite  closely  with  Bazin's  opening  in  the  side  of  the  canal 
at  the  bottom,  although,  of  course,  it  did  not  coincide  exactly.  It  was 
then  found  that,  at  the  highest  heads  used,  the  difference  in  head,  as 
measured  by  the  two  piezometers,  amounted  to  about  10  cm.,  or  about 
0.3  ft.,  which  means  considerable  in  the  discharge  of  the  weir.  The 
author  has  given,  on  page  305,  a  correction  curve  which  he  applies  in 
these  experiments,  and  which  is  probably  the  best  that  could  be  done 
under  the  circumstances.  The  discovery  of  such  an  error  at  the  lower 
weir  led  at  once  to  the  conclusion  that  there  must  be  something  the 
matter  with  the  piezometer  at  the  upper  weir  also,  but  time  did  not 
permit  an  investigation  previous  to  the  completion  of  the  series  of  ex- 
periments described.  As  the  speaker  was,  at  the  close  of  this  investiga- 
tion, requested  by  the  Board  of  Engineers  on  Deep  Waterways  to 
continue  the  work  by  an  investigation  of  the  discharge  over  the 
**  Deep  Waterways  "  Section,  so-called,  Section  19,  a  rounded  crest 
with  a  450  up-stream  slope,  at  various  degrees  of  submergence,  and  also 
with  free  discharge,  it  gave  an  opportunity  to  make  some  further  investi- 
gations upon  the  foregoing  question,  and  in  order  to  measure  the  head 
in  another  way  at  the  standard  weir  three  pipes  were  set  longitudi- 
nally, that  is,  parallel  to  the  directioA  of  the  flow  of  the  water  at  a 
point  6  ft.  above  the  bottom  of  the  canal  and  28  ft.  up  stream  from  the 
weir  and  with  their  down-stream  ends  projecting  about  6  ins.  down 
stream  from  the  plane  of  the  old  up-stream  transverse  piezometer. 
These  pipes  were  6  ft.  long,  }  in.  in  diameter,  nominally,  and  were 
perforated  for  1  ft.  at  their  down-stream  end  with  holes  on  the  quarter, 
so  that  there  was  around  the  pipe  a  ring  of  holes  1  in.  apart  for  a 
distance  of  1  ft.  at  the  lower  end.  These  pipes  were  connected  together 
at  the  down-stream  end,  the  up-stream  end  being  plugged.  A  f-in. 
pipe  connection,  similar  to  those  of  the  transverse  piezometers,  was 
carried  through  the  bulkhead,  so  that  they  might  be  connected  to  one 
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side  of  tbe  tube  gauge.     The  reason  for  adopting  this  type  of  piez-  Mr.  Williams, 
ometer  was  that  Mr.  FitzGterald*  records  that  he  investigated  the  head, 
when  measured  in  pipes,  by  a  device  of  this  sort  in  which  the  perfor- 
ated pipe  is  laid  upon  the  bottom  of  the  large  pipe,  in  comparison 
with  the  head  as  given  by  a  piezometer  consisting  of  a  chamber  sur- 
rounding the  pipe  and  communicating  with  it  by  holes  in  a  plane  at 
right  angles  to  the  axis  of  the  pipe,  and  he  found  that  there  was  appar- 
ently no  difference.     So  that  on  the  strength  of  those  experiments  it   ^ 
was  ventured  to  assume  that  this  would  probably  give  a  correct  read-  ^^Q^ 
ing  of  head  at  the  point  where  it  was  wished  to  measure  it,  i,  e.,  at  a  ^ 

point  corresponding  to  Bazin's  position,  if  there  is  such  a  thing  as  9kY^  -       ^  j. 
correct  reading  of  head.     About  40  experiments  were  made  and  they        ^  ^  c 

showed,  at  the  highest  heads  observed,  a  little  over  3  ft.,  that  there^-/:>  '      ^  y 
was  a  difference  of  3  cm.  in  the  head  as  fead  by  the  transverse  piez-         ^/       ^  ^ r^ 
ometer  and  as  read  by  the  longitudinal  piezometer,  the  new  longi-   cy  /Y 

tudinal  piezometer  giving  a  head  3  cm.   higher   than  did  the  old  .    'v  C   \ 

up-stream    transverse    piezometer.      As    soon    as    these    data    were^V        */         j^ 
obtained  a  memorandum  of  it,  sufficient  to  locate  a  correction  curve,  A  "    '  /*"     *  0^ 
was   furnished  to  the  author,  who,  however,  decided  to  reject  the     /.<      .  ^-     '( 
readings  of  the  up-stream   piezometer  and  to  adopt  those  of  the  ^        "  ^        ^^ 
middle  one,  which  was  10  ft.  back  from  the  weir.     Now,  having  simul-    '«/  QL 

taneous  observations  on  the  middle  piezometer  and  the  up-stream  .         ■>         '^ 
piezometer,  and  having  a  series  comparing  the  new  piezometer  with4^         V^ 
the  up-stream  piezometer  taken  through  the  later  investigation,  the     ^ 
new  piezometer  reading 
straight  line  at  an  angle 

laid  off,  and  with  this  the  old  transverse  up-stream  piezometer  and  the  ^  '  /' 
middle  piezometer  were  plotted.     The  differences  could  not  be  detected     '*  .^ 
at  a  head  of  5  cm.,  \  ft.,  but  at  3.3  ft.  the  difference  between  the  new  /  ^^/\/ 
and  the  old  upper  piezometer  was  3  cm. ,  the  latter  being  low  at  all 
points.     The  curve  of  the  middle  piezometer  started  above  the  longi- 
tudinal one  and  reached  a  maximum  difference  at  a  head  of  about  2}  ft. ,  '  '        '  t 
where  it  was  about  1  cm.  high,  and  then  dropped  rapidly,  appearing  to 
cross  the  longitudinal  piezometer  at  about  3.3  ft.,  after  which  it  would  ^ 
read  low.     Now,  of  course,  it  cannot  be  affirmed  that  the  new  pie^^S     «. 
ometer  is  a  correct  one  to  use  with  Bazin's  formula,  bat,  in  view  of  thel  v...^/^^ 
experiments  of  Mr.  FitzGerald  on  the  Rosemary  Syphon,  and  in  view  1  f  ' 
of  the  comparison  by  the  tube  gauge  of  tbe  transverse  piezometer  and  J\ 
the  Francis  piezometer  it  seems  safe  to  infer  that  the  new  piezometer 
is  the  best  one  to  use  for  the  heads  on  this  weir,  or  is  as  nearly  correct      .^ 
as  anything  that  we  have.     Furthermore,  it  was  discovered  that  the         ^ 
head,  as  given  by  the  new  longitudinal  piezometer,  was  much  more  *?        '^/C, 
steady  and  there  was  less  vibration,  less  change  and   less  pulsation      '^r         ^c, 
than  in  the  bead  as  observed  by  the  other.     In  order  to  complete  the'^^.     '-^ 

*  "  Flow  of  Water  in  a  48-ln.  Pipe,"  Tranaactions,  Am.  Soc.  C.  E.,  Vol.  xrxv,  p.  259.  C"         '/^       "     •    -'' 


new  piezometer  readings,  assumed  to  be  correct,  were  plotted  as  a  ^y      ^/^     r 
straight  line  at  an  angle  of  45°  with  tbe  axes  on  which  the  heads  were       6  ^    '^  - 
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Mr.  wuiiams.  whole  subject,  an  attempt  was  made  to  determine  whether  the  manner 
of  opening  the  gates,  or  the  way  in  which  the  water  was  admitted  to 
the  chamber,  would  have  any  effect  on  the  correction,  and  to  that  end 
all  the  head  gates  were  opened  a  short  distance,  allowing  the  water  to 
enter  at  the  bottom  of  the  chamber  and  flow  over  the  weir.  Then,  at 
times,  only  two  gates  were  opened,  and  they  were  opened  wide,  so  that 
the  water  would  enter  from  the  bottom  clear  up  to  the  middle  of  the 
height  of  the  weir,  bat,  with  the  maximum  variation  of  flow  which  it 
was  possible  to  obtain,  there  was  no  appreciable  difference  in  the 
reading  of  the  two  piezometers,  so  that  it  is  assumed  that  the  correc- 
tions which  were  determined  are  probably  as  reliable  as  could  be 
determined  with  the  apparatus  used,  in  which  the  heads  were  read  in 
divisions  of  about  1  mm.  Now,  applying  these  corrections  to  Experi- 
ments Nos.  20  and  21,  and  applying  Bazin's  formula  without  the  correc- 
tion for  velocity  of  approach,  it  appears  that  for  heads  on  the  standard 
weir  running  up  to  23  cm.,  which  means  a  head  on  the  lower  weir  of 
about  H  ft.,  that  is,  so  long  as  the  head  on  the  lower  weir  was  within 
the  range  of  Bazin's  investigations,  the  difference  in  the  discharge,  as 
given  by  the  two  weirs,  is  less  than  2  per  cent.  In  fact,  for  heads  on 
the  lower  weir  from  a  little  less  than  1  ft.  up  to  about  1^  ft.,  the  differ- 
ence is  less  than  1  per  cent.  But,  as  soon  as  the  head  gets  above  that 
point  the  discharges  depart  very  rapidly,  the  lower  weir  showing  the 
higher  discharge;  and  the  variation  ranges  from  3%  up  to  nearly  6  per 
cent. 

TABLE  No.  7. — Comfarisom  of  Simultaneous  Dischakoe  over  Upper 
AND  Lower  Standard  Wedss  by  Bazin*s  Formula. 


Expert-  I 
ment  No. 


13., 
12.. 

6.. 
11.. 

7.. 
10.. 

1.. 

8.. 

9.. 

5.. 

4.. 

8.. 

2.. 


Upper  Weir. 

IG  ft.  long,  18.18  ft.  high. 

Ob8.-ff. 

Cor.// 

Q  =  cubic 

Transverse 

Longitudinal 

meters  per 

Piezometer. 

Piezometer. 

second. 

Cm. 

Cm. 

12.075 

12.28 

0.8998 

15.028 

15.80 

0.5499 

18.069 

18.89 

0.7178 

21.294 

21.65 

0.9188 

28.759 

24.16 

1.0720 

26.810 

27.21 

1.2785 

29.668 

80.16 

1.4900 

29.728 

80.22 

1.4945 

87.487 

87.90 

2.f*m 

43.812 

44.22 

2.6280 

58.110 

69.00 

4.480U 

72.710 

74.22 

5.7800 

79.565 

81.69 

6.8200 

Lower  Weir. 


6.66  ft.  long,  5.2  ft  high. 


Obs.  H. 

Flush 

Piezometer. 


Cm. 
22.744 
27.855 
88.175 
89.419 
44.000 
49.699 
55.218 
55.128 
68.288 
80.566 
105.689 
180.2H6 
142.557 


Q  =  cubic 

meters  per 

second. 


Percentage 
of  excess 
of  lower 

over  upper 
weir. 


0.4058 
0.6484 
0.7124 
0.U214 
1.0916 
1.8805 
1.U66 
1.5486 
2.1440 
2.7772 
4.2645 
5.9682 
G.88H1 


+1.8T8 
-0.278 
-0.208 
+0.8»« 
--1.880 
- -4.067 
--8.732 
--8.288 
- -8.068 
--6.677 
—4.810 
+8.981 
-H.Ml 
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In  view  of  the  conditions  existing  during  the  experiments  it  does  Mr.  Williams, 
not  seem  possible  that  the  flow  into  the  canal  between  the  two  weirs 
could  have  exceeded  the  leakage  from  it  at  the  lower  gates.  In  other 
words,  it  appears  clearly  impossible  that  more  water  passed  over  the 
lower  than  over  the  upper  weir  on  this  account;  and  yet,  according  to 
the  obseryations  and  formula,  there  is  an  excess  of  about  4%  in  the 
discharge  of  the  lower  weir,  to  be  accounted  for  at  the  high  heads.  It 
is  to  be  noted,  however,  that  the  observations  at  high  heads  were  taken 
in  general  from  high  to  low,  and  as  the  gauges  were  only  read  to 
2-mm.  divisions,  it  is  quite  possible  that  the  canal  surface  may  have 
been  falling  when  it  appeared  to  the  observer  to  be  stationary,  and 
hence  a  somewhat  greater  discharge  have  passed  the  lower  than  the 
upper  weir. 

A  portion  of  the  excess  possibly  may  be  accounted  for,  that  is, 
about  0.6  of  1%^  by  the  narrowing  of  the  notch  of  the  lower  weir  due 
to  the  pressure  of  the  water  in  the  canal  sides.  It  was  contracted 
toward  its  top  slightly.  That  was  not  measured  accurately.  But 
such  measurements  as  were  made  went  to  show  that  about  2  ft.  from 
the  top  of  the  weis  it  was  contracted  nearly  i  in.  This  would  make  a 
difference  of  about  0. 6  of  1%  in  the  discharge  at  the  higher  heads.  But 
that  falls  far  short  of  accounting  for  all  the  difference.  Mr.  Wisner,  in 
his  discussion,  has  suggested  that  the  effect  of  the  side  walls  may  very 
properly  be  considered  to  have  something  to  do  with  this  condition, 
and  the  extreme  roughness  of  the  sheet  as  it  passed  over  the  lower 
weir  at  the  high  heads  will  probably  explain  what  remains. 

In  a  later  investigation  it  happened  that  there  was  obtained,  inci- 
dentally, some  notion  of  the  effect  of  such  roughness.  There 
happened  a  repetition  of  two  experiments  in  which  the  experimental 
weir  remained  in  the  same  condition,  while  on  the  standard  weir  there 
were  additional  baffles  between  the  two  experiments,  so  that  in  the 
second  case  the  water  approached  the  weir  much  more  smoothly  than 
in  the  former.  It  appeared  that  with  such  roughness  as  existed  in  the 
standard  weir,  with  heads  of  about  1}  ft.  before  smoothing,  there  was 
about  i  cm.  more  head  required  to  deliver  the  same  quantity  of  water 
than  with  the  smoother  approach.  That  is  to  say,  if  the  water 
approaches  the  weir  with  high  commotion  a  higher  head  will  be  re- 
quired to  discharge  a  given  quantity  than  when  the  approach  is 
smooth.  The  commotion  at  the  standard  weir,  in  the  later  experiments, 
was  not  to  be  compared  with  the  commotion  at  the  lower  weir  in  the 
case  of  the  high  heads.  In  the  latter,  and  next  to  the  wall,  there  was  a 
roll,  then  came  three  crests  and  depressions,  the  bottom  of  the  de- 
pressions being  sometimes  nearly  6  ins.  below  the  crests.  It  seems, 
therefore,  tha  twhen  a  proper  correction  is  made  for  the  effects  of 
the  roughness,  the  two  weirs  would  come  quite  closely  together. 
Of  course,  this  reduction  which  has  been  made  is   simply  applying 
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Mr.  Williams,  TABLE  No.  8.— Expbbimbnts  Upon  Various  Weibs  fob  Unitkd 
States  Board  of  Enoineebs  on  Deep  Watebwats  at  the 
Htdrauijc  Laboratobt  of  CoBNEiiii  Univebsitt. 


(1) 
Weir  and 
No.  of  ex- 
periment. 


C=   8- 


1, 
2. 
8. 

D  =  4—1. 
2. 
8. 
4. 
6. 
6. 

^=  &-1. 
2. 
8. 
4. 
5. 

Q  =  7—1. 
2. 
8. 
4. 

H=  8-1. 
2. 
S. 
4. 
5. 

/=  9-1. 
2. 
8. 
4. 
5. 

J  =  10-1. 
2. 
8. 
4. 
5. 

K  =  11-1. 
2. 
8. 
4. 
6. 

L  =  12-1. 
2. 
8. 
4. 

Jlf=18-1. 
2. 
8. 
4. 
5. 

JNr=14— 1. 
2. 
8. 
4. 
5. 


Standard  Wuit,  18  Ft. 
Long,  18.18  Ft.  High. 


Obe.  H. 
Cm. 


86.802 
59.206 
29.061 

87.478 
72.707 
58.210 
43.714 
29.449 
14.588 

87.146 
78.47 
67.78 
42.114 
80.842 

87.514 
72.700 
67.99H 
48.778 

87.168 
71.970 
57.864 
43.958 
28.804 

87.860 
72.807 
57.702 
44.060 
29.404 

88.406 
73.626 
59.154 
46.168 
80.090 

88.412 
74.006 
58.592 
44.270 
80.540 

72.662 
57.89 
48.816 
29.40 

72.682 

58.28 

48.71 

29.896 

14.g82 

87.22 

72.59 

58.018 

43.722 

29.156 

14.442 


(3) 

Cor.  H. 
Cm. 


89.60 
60.10 
29.60 

90.28 
74.16 
69.10 
44.15 
29.90 
14.81 

89.80 
74.96 
68.69 
42.48 
80.78 

90.28 
74.16 
68.84 
44.19 

89.82 
78.40 
68.66 
44.86 
29.20  I 

89.95  ' 
78.70  I 
68.51  I 
44.45 


Dis- 
charge. 
Cu.  met. 


29.82 


91.19 
75.05 
60.06  I 
46.58  I 
30.48  I 

91.22  I 
76.61  I 
59.48  I 
44.69 
80.90 

74.10 
58.71 
44.28 

29.80 

74.08 
59.09 
44.16 
29.80 
15.21 

89.90 
74.00 
58.90 
44. IK 
29.57 
14.66 


7.6080 
4.1650 
1.44S0 

7.7040 
6.7200 
4.0680 
2.6210 
1.4715 
0.52x7 

7.6470 
5.8165 
4.0080 
2.4675 
1.5840 

7.7080 
6.7200 
4.082.  • 
2.6240 

7.6600 
6.6320 
4.0120 
2.6490 
1.4210 

7.6660 
6.6676 
8.9975 
2.6496 
1.4660 

7.8220 
6.8260 
4.1610 
2.75i>> 
1.5115 

7.880O 
5.  WW) 
4.098.' 
2.6690 
1.5186 

6.7150 
4.0180 
2.6800 
1.4645 

5.7100 
4.0560 
2.6220 
1.4045 
0.5445 

7,6600 
6.7(110 
4.0878 
2.6280 
1.4470 
0.5150 


EXPBRIMKNTAL  WeIR,  6.66  Ft.   LoNO. 


(5>  (B) 

0\}B.H.Cor.H. 

Cm.        Cm. 


Description. 


158.0061  170.00 


106.6H8, 

61.8411 

166.1591 
129.8891 
106.987' 

78.126; 

62.260! 

27.5h7j 

187.8161 
117.288, 
95.72 

74.04 
60.02  I 

184.899' 
114.006' 
98.818| 
72.802, 

186.6681 
115.086 
94.270 
72.6861 
49.2171 

188.1981 
117.866 
96.892; 
74.510 
50.418 

148.95 
126.896' 
106.66  I 
86.57 
60.678 


5  to  1  up-stream  slope,  8-1d.  flat 
crest;  height  of  weir,  4.91  ft. 


4  to  1  up-stream  slope,  8-in.  flat 
crest;  height  of  weir,  4.91  ft. 


8  to  1  up-stream  slope,  8-in.  flat 
crest;  height  of  weir,  4.90  ft. 


110.00 
58.42 

166.46 
187.68 
106.02 
80.12 
52.85 
27.82 

146.70 
128.00 
96.80 
75.72? 
60.65 


142.75  2  to  1  up-stream  and  2 to  1  down- 
119.20  I    stream  slopes,  S-in.  flat  crest; 

96 . 78       height  of  weir,  4.896  ft. 

74.50 


144.00 
120.50 
07.27 
74.86 
49.77 

147.10 
188.00 
99.62 
76.22 
51.00 

158.82 
182.94 
110.98 
87.99 
61.70 


140.010 
I  121.89  , 

101.751  105.60 

'    8().51i;    82.52 

68.80 


Same  as  O  with  j-in.  mesh  ^  in. 
thick,  wire-cloth  netting  on  up- 
stream slope. 


2  to  1  up-stream  and  5  to  1  down- 
stream slope,  4-in.  flat  crest; 
height  of  weir,  4.94  ft. 


Vertical  faces.  2.62-ft.  flat  crest; 
height  of  weir,  4.57  ft. 


80.511, 
57.8951 


149.15  Same   as    J,  with    4-in.    radius 
127.70      quarter-round    added    to    up- 
stream comer. 


144.640;  154.66 

120. 5H0  196.h0 

98.760'  96.76 

64.988^  66.80 


186.098 
111.67  ! 
86.019 
59,  OX), 
80.585' 
I 
146.881 
124.720 
101.567 
78.814. 
58.549 
27.812 


I 


144.70 
116.60 
88.52 
60.02 
80.80 

167.05 
181.60 
106.40 
80.26 
54.26 
28.05 


Veotlcal  faces,  6.66-ft.  flat  crest; 
height  of  weir,  4.66  ft. 


Same  as  L,  modi  fled  as  K, 


Rezford  Flats  Model;  height  of 
weir,  4.58  ft. 
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TABLE  No.  S—(C<mtinued).  Mr.  wi 


a) 

Staicdard  Wkir,  16  Ft. 
Long,  18.18  Ft.  High. 

ExPEiuKBNTAL  Wbir,  6.66  Ft.  Long. 

Weir  and 

No.  of  ex- 

W 

(3) 

(♦) 

(») 

(«)                               (7) 

periment. 

Ohti.H. 
Cm. 

Cor.  H. 
Cm. 

Dis- 
charge. 
Cu.  Met. 

Ohs.H. 
Cm. 

COe^^^                    Description. 

O  =  15-1. 

78.962 

74.78 

5.7910 

122.968 

120.55  Same  as  iV,  with  rounded  comer 

2. 

68.808 

69.24 

4.0745 

101  191 

106.00      as  in  J:  and  if. 

8. 

48.S6fi 

44.00 

2.6070 

77.557 

79.62 

4. 

29.618 

80.10 

1.4848 

58.041 

58.66 

P  =  16-1. 

72.63 

74.10 

5.7120 

12\582 

126.75  Little  Falls  Model,  8)  to  1   up- 

2. 

68.81 

69.18 

4.0660 

98.957 

108.66 

stream  slope;   height  of  weir, 

8. 

48.56 

44.00 

2.6076 

76.240 

78.02 

4.57  ft. 

4. 

29.06 

29.60 

1.4425 

51.514 

52.00 

Q  =  17-1. 

72.878 

74.40 

5.7485 

121.04 

127.80 

Little  Falls  Model;  8  to  4  up- 
stream slope;  height  of  weir, 

2. 

68.826 

59.28 

4.0725 

09.768 

108.82 

8. 

44.29 

44.78 

2.6780 

76.562 

78.89 

4.57  ft. 

4. 

29.084 

29.60 

1.4420 

51.019 

51.57 

6. 

18.004 

18.85 

0.7140 

82.068 

82  40 

B  =  18-1. 

22.900 

28.80 

1.0170 

88.528,  Indian  Lake  Model:  height  of  weir, 

2. 

86.074 

88.60 

7.4885 

149.802     4.66  ft. 

8. 

71.992 

78.40 

5.6825 

Cor- 

126.6931 

4. 

57.686 

58.88 

8.9A10 

rect 

100.766 

6. 

48.814 

48.75 

2.5850 

head 
read 

75.427 

S  =  19-1. 

14.888 

14.69 

0.5118 

on 

27.04 

Submerged  section,  round  crest, 
1  to  1  up-stream  slope;  height  of 
weir,  5.»9  ft. 

2. 

28.485 

88.86 

1.8960 

flush 

51.86 

8. 

86.786 

88.86 

7.4580 

piezo- 

142.128 

4. 

70.915 

72.86 

5.5140 

meter. 

•119.442 

5. 

66.484 

57.80 

8.8710 

97.858 

6. 

48.812 

44.88 

2.6406 

77.246' 

7. 

28.982 

29.88 

1.4880 

53.42  1 

Bazin'B  formula  to  the  two  weirs  and  computing  a  discharge  for  weirs 
of  that  height  according  to  his  formula  without  any  further  corrections 
whatever.  At  th^  time  these  investigations  were  begun  it  was  said  by 
the  Board  of  Engineers  on  Deep  Waterways  that  if  we  could  give 
them  results  within  6%  of  accuracy  they  would  be  abundantly  satisfied. 
In  the  speaker's  opinion,  the  results  come  within  that  range.  He 
would  not  claim  more.  The  Hydraulic  Laboratory  Staff  has  performed 
experiments  since  that  time,  in  connection  with  the  Croton  Water-shed 
investigations,  which  come  far  nearer  to  accuracy  than  6%;  but,  so  far 
as  those  which  are  given  in  the  paper  are  concerned,  it  is  very  question- 
able if  they  can  be  depended  upon  within  less  than  6  per  cent.  Now, 
it  appears  to  the  speaker — it  may  be  a  notion  in  which  he  is  peculiar — 
that  in  presenting  the  results  of  an  investigation  of  this  kind  to  this 
Society,  in  putting  the  observations  upon  record,  forever  as  it  were,  it 
is  most  proper  to  present  them  first  as  nearly  as  possible  as  they  were 
taken,  to  keep  quite  distinct  the  data  which  are  facts  and  the  data 
which  are  conclusions,  to  present  the  experiments  as  they  were  made 
with  as  little  reduction  as  possible,  so  that  in  the  future  the  investi- 
gator may  determine  for  himself,  in  the  light  of  such  new  knowledge 
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Mr.  Williams,  as  he  may  then  have,  just  what  reliability  is  to  be  put  upon  the  ob- 
servations, and  what  lessons  are  to  be  drawn  from  them. 

The  speaker  would  criticise  fche  author  for  having  presented  here  a 
paper  in  which  practically  all  is  reduction,  and  there  is  no  getting  be- 
hind his  returns,  whatever  we  may  discover  in  the  future  as  to  the  flow 
over  weirs.  So  far  as  the  data  in  this  paper  are  concerned,  there  is 
little  that  we  can  go  back  to  and  make  a  rigid  comparison  with.  That 
which  has  been  presented  is  deduced  from  a  computed  discharge  of 
the  standard  weir,  which  has  been  shown  to  be  fundamentally  in 
error.  It  then  follows  that  the  whole  array  of  coefficients  and 
coefficient  curves  on  pages  272  to  289,  inclusive,  are  similarly  in  error 
and  therefore  correspondingly  reduced  in  value.  This  error  probably 
ranges  from  zero  to  3  per  cent. 

On  Pig.  4  there  is  the  following  note:  **  The  correction  for  Velocity 

Head  (  s —  )  *s  ^sed  in  Reducing  the  Experiments  is  in  Effect  Equiva- 
lent to  h„  =  1.33  (  o~^  ^^^  position  of  Piezometer  6.0  Ft.  Back  of 

Weir. "  Upon  what  authority  this  statement  is  made  the  speaker  is 
unaware,  but  if  there  are  any  data  upon  which  such  a  statement  can  be 
legitimately  based  it  is  to  be  regretted  that  the  author  did  not  give  a 
reference  thereto.  Bo  far  as  the  Cornell  experiments  are  concerned, 
there  is  nothing  to  lend  support  i;o  such  an  assertion,  and  until  some 
facts  are  brought  to  support  it,  it  is  only  entitled  to  consideration  as  a 
rather  positively  expressed  opinion,  which,  in  the  speaker's  opinion,  is 
contrary  to  fact. 
/  In  order  that  the  results  of  this  investigation  may  be  properly  on 

/  record,  Table  No.  8  is  presented,  in  which  Column  1  gives  the  number 
of  the  experiment  in  its  proper  series;  Column  2  gives  the  observed 
head  on  the  standard  weir;  Column  3,  this  head  corrected  to  that  read 
by  the  longitudinal  piezometer  28  ft.  up  stream  from  the  weir  and  6  ft. 
above  the  bottom  of  the  channel  of  approach;  Column  4,  the  discharge' 
per  second,  in  cubic  meters,  by  £azin*s  formula, 

Q  =  [0.405  4-  '--f']     [  1  +  0.55  (-|-,)  ^IH  V^Jk, 

where  p  ~  the  height  of  the  weir  =  4.002  m.  =  13.13  ft.,  and  I  = 
length  of  crest  =  4.8768  m.  =  16  ft. ;  Column  5  shows  the  head  simul- 
taneously observed  upon  the  experimental  weir  at  the  up-stream 
transverse  piezometer;  and  Column  6  this  head  reduced  to  the  flush 
piezometer,  or  the  head  observed  upon  the  flush  piezometer.  All  heads 
given  are  the  means  of  those  observed  during  the  time  of  the  experi- 
ment. These  heads  have  been  recomputed  from  the  original  field 
notes. 

Series  A,  B  and  F  (Nos.  1,  2  and  6  of  the  author),  have  been  omit- 
ted, the  results  being  too  questionable  to  warrant  insertion  with  the 
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Mr.  Williams,  others,  and  E  (author's  No.  5)  is  considered  as  quite  possibly 
inaccurate.  The  crests  of  the  experimental  weirs  were  approximately 
2  m.  =  6.56  ft.  long. 

While  the  absolute  values  determined  by  this  investigation  may  be 
considerably  astray,  because  of  uncertainty,  within  at  least  ^%  of  the 
quantity  of  water  passing  the  standard  weir,  the  relative  discharges  of 
the  several  experimental  weirs  are  of  great  interest,  and  on  Plate  XXV 
the  discharge  curves  of  several  of  the  types  are  shown,  these  curves 
being  based  upon  that  of  the  16-ft.  standard  weir  computed  by  Bazin*B 
formula.  These  weirs  were  all  of  approximately  the  same  height, 
the  range  being  from  4.6  to  5.3  ft.,  so  that  from  the  plate  one  may 
readily  see  the  effects  upon  the  discharge  caused  by  crests  of  various 
forms. 

It  will  be  noted  that  the  discharge  curve  of  the  experimental  sharp- 
edged  weir  divides  the  upper  group  of  curves  about  in  halves,  those 
weirs  whose  curves  fall  above  it  giving  a  less  discharge  for  a  given 
head  than  does  the  sharp-edged  weir. 

One  very  interesting  point  is  the  behavior  of  broad  flat  crests.  As 
seen  by  L,  they  give,  at  the  lower  heads,  much  less  discharge  than  the 
standard,  but,  as  is  shown  by  /,  and  already  pointed  out  by  Messrs. 
Fteley  and  Steams,  and  by  Bazin,  when  the  head  reaches  a  point  at 
which  the  sheet  jumps  from  the  up-stream  edge  clear  or  nearly  clear 
of  the  down-stream  comer,  and  the  space  between  the  sheet  and  crest 
becomes  filled  with  eddying  water,  the  discharge  is  very  notably  in- 
creased; so  much  so  in  the  case  of  /that  it  exceeds  that  of  the  sharp- 
edged  weir  at  4.5  ft.  head.  The  curves  ^If  and  A"  show  the  increase  of 
discharge  due  to  building  on  a  4-in.  radius,  quarter  round,  to  the 
up-stream  comer  of  L  and  J\  this  rounded  edge  adding  over  11^  to  the 
discharge  at  a  4-ft.  head  in  both  cases. 

The  effects  of  long  and  short  back  or  up-stream  slopes  are  shown 
by  the  curves  C,  D,  E,  G  and  S.  C  being  5  to  1;  -D,  4  to  1;  -EJ,  3  to  1; 
6r,  2  to  1,  with  a  2  to  1  down-stream  slope  added;  and  /S,  1  to  1  with  a 
3^-ft.  radius  round  crest.  As  stated  by  Bazin,  when  the  inclination 
of  the  up-stream  face  of  the  weir  is  with  the  top  down  stream,  the  ten- 
dency is  to  suppress  the  contraction  of  the  sheet  as  it  goes  over  the 
crest,  and  thereby  increase  the  discharge,  but  if  the  up-stream  slope 
be  too  gradual,  the  frictional  resistances  along  it  may  be  sufficient  to 
counteract  the  gain  in  discharge  from  suppression  of  contraction. 
This  appears  to  be  the  case  with  C  and  D,  and,  at  low  heads,  with  S^ 
when  the  curved  crest  partakes  of  the  nature  of  a  long  slope.  At 
higher  heads  the  1  to  1  back-slope  becomes  effective  and  the  discharge 
increases  above  that  of  the  standard  weir.  From  the  upper  curves, 
the  weir  G  appears  to  have  the  maximum  discharging  capacity,  but 
this  seems  to  be  in  part  due  to  the  fact  that  the  entry  of  air  under  the 
discharging  sheet  was  restricted  with  it,  but  not  with  the  others.    The 
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Mr.  Williams.  Iftter  experiments  upon  the  United  States  Deep  Waterways  Section, 
16  ft.  long  and  shown  with  the  16-ft.  standard  weir  in  the  two 
lower  carves  of  the  plate,  wherein  air  was  not  admitted  under  the  sheet, 
gives  very  nearly  the  same  discharge  at  3  ft.  head,  both  giving  over 
11%'  more  than  the  sharp  edge.  The  diflTerence  between  curves  G 
and  H  shows  the  effect  of  adding  wire-cloth  to  the  up-stream  face  of 
the  weir  Q.  Some  later  experiments  indicate  that  the  difference  of 
discharge  between  a  crest  of  dressed  pine  and  one  as  rough  as  }-in. 
mesh  wire-cloth  will  hardly  amount  to  3  per  cent. 

/  During  this  investigation,  at  the  suggestion  of  Mr.  George  Y.  Wisner, 
the  side  of  the  flume  at  the  lower  weir  was  marked  off  into  squares, 
which  were  lettered  and  numbered  so  that  the  line  of  the  surface  of 
the  approaching  and  discharging  water  upon  the  side  of  the  flume 
could  be  read  probably  within  0.05  to  0.10  ft.  During  all  but  the 
first  two  experiments  these  squares  were  read,  and  from  these  readings 
eight  of  the  most  characteristic  profiles  of  the  surface  curves,  shown  in 
'  Figs.  21  and  22,  have  been  plotted. 

Comparing  L  and  Jlf,  the  effect  of  the  rounded  comer  is  readily  seen 
in  the  reduction  of  contraction  at  the  up-stream  corner,  particularly 
at  the  lower  heads.  The  influence  of  the  back  slopes  is  seen  in  com- 
paring By  F,  Q  and  S,  It  is  to  be  regretted  that  the  readings  were  not 
continued  up  stream  to  the  beginning  of  the  surface  curvature,  which^ 
in  some  cases,  was  lost  in  the  rapid  at  the  throat  of  the  flume,  48  ft. 
from  the  crests.  From  some  of  the  experiments  upon  the  effect  of 
contractions  in  pipes  it  seems  very  probable  that  this  contraction  may 
have  seriously  affected  the  discharge,  and  in  future  similar  experiments 
it  would  seem  well  to  remove  it  much  farther  from  the  weir  or  nullify 
its  effect  with  baffies. 

The  weir  /has  a  peculiar  discharge  curve.  At  low  heads  the  flow 
is  chiefly  influenced  by  the  2  to  1  up-stream  slope  giving  a  high  dis- 
charge, but  as  the  head  increases  a  point  is  reached  where  apparently 
the  slope  of  the  apron,  5  to  1,  is  not  sufficient  to  maintain  the  velocity 
necessary  to  free  the  crest,  and  the  discharge  decreases  relatively  to 
that  of  a  sharp-crested  weir,  the  whole  weir  partaking,  apparently,  of 
the  nature  of  a  broad  flat  crest. 

For  the  form  of  crest  represented  in  Fig.  8,  the  Croton  experiments,, 
upon  a  large-sized  model  quite  similar  to  this,  indicate  that  the  dis- 
charge partakes  of  the  nature  of  that  of  the  flat  crest  under  high  heads, 
the  water  between  the  crests  of  the  old  and  new  dam  reducing  the 
friction  across  the  top,  and  thus  producing  or  permitting  a  discharge 
slightly  greater  than  that  of  a  sharp  edge,  rather  than  giving  one  20% 
less,  as  assumed  by  the  author  by  comparison  with  the  observation  on 
crest  L.  This  point  can  in  no  way  be  considered  as  a  reflection  upon 
the  judgment  of  the  author,  as  these  data  were  not  available  at  the 
time  he  made  his  estimates,  and  the  matter  is  only  presented  to  indi- 
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cate  how  far  one  may  go  astray  on  these  questions,  unless  exact  infor-  Mr.  wuiiams. 
mation  has  been  obtained  on  the  specific  form  considered.  -  -x 

One  of  the  most  important  facts  brought  out  in  the  past  year's  in- 1    y^ 
vestigations  in  the  Cornell  Hydraulic  Laboratory  has  been  the  lorma- 1  ^^=^».-^ 
tion  of  a  vacuum  more  or  less  perfect  behind  the  falling  sheet  when  air  \        ^  ^  -\ 
is  not  freely  admitted.     With  a  weir  6  ft.  high,  the  United  States  Deep  \ 
Waterways  Section,  a  head  of  1.5  ft.  has  been  observed  to  raise  water 
behind  the  sheet  to  a  height  of  2  ft.  above  the  level  of  the  lower  pool, 
and  with  a  weir  8  ft.  high  and  a  2-ft.  head  the  water  behind  the  sheet 
has  stood  5  ft.  above  the  level  of  the  lower  pool.     The  bottom  boards 
of  the  plank  aprons  have  been  torn  off  frequently  by  the  suction  of 
the  falling  sheet  at  the  toe  of  the  dam.     The  possibility  of  a  vacuum 
upon  the  down-stream   face  of  a  dam  has,  so  far  as  the  speaker  is 
aware,  never  been  considered  in  the  design  of  such  structures,  but  the 
pulling  off  of  the  granite  facing  on  the  down-stream  side  of  the  Austin 
Dam,  while  that  at  the  crest  remained  practically  intact,  and  other  in- 
stances that  have  been  reported  of  similar  phenomena,  seems  to  indi- 
cate that  there  was  a  very  decided  suction  there  on  the  occasion  of  its 
failure.     This  teaches  that  in  the  design  of  spillways,  the  practice  of 
conforming  them  to  the  curve  of  the  sheet,  in  order  to  obtain  a  smooth 
and  compact  overfall,  should  be  reversed,  and  every  precaution  taken 
to  prevent  the  sheet  reaching  the  foot  of  the  dam  in  a  compact  mass. 

In  conclusion,  the  speaker  would  acknowledge  his  great  indebted, 
ness  for  the  very  valuable  services  of  his  colleague,  Mr.  W.  E.  Mott, 
in  the  reduction  and  preparation  of  the  data  herein  referred  to  and 
presented,  and  also  in  assisting  in  observing,  under  very  trying  condi- 
tions, during  many  of  the  later  experiments. 
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